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FOREWORD 


The  Level  2 (Mode  C)  and  Levels  3 through  5 AIMS  tests  were  conducted 
as  part  of  the  A-7D  Category  II  follow-on  test  program.  The  tests  were 
conducted  with  A-7D  AIMS  modified  aircraft  S/N  67-14584,  S/N  70-944,  S/N 

70- 973,  S/N  71-338,  and  S/N  71-351  between  23  February  1972  and  5 March 
1973.  There  were  91  flights  totaling  144.5  hours.  The  results  of  the 
Level  2 (except  Mode  C)  and  Level  M tests  were  previously  presented  in 
a technical  letter  report  in  August  1971  '( reference  1). 

The  authors  wish  to  express  their  appreciation  to  Captain  Robert  E. 
Tyree  and  Mr.  Donald  J.  Dowden  for  their  assistance  in  preparing  this 
report. 

This  evaluation  was  conducted  under  the  authority  of  Headquarters, 

Air  Force  Systems  Command  as  directed  by  AFFTC  Project  Directive  Number 

71- 17,  as  amended  by  Project  Directive  Number  71-17D. 

Foreign  announcement  and  dissemination  by  the  Defense  Documentation 
Center  are  not  authorized  because  of  technology  restrictions  of  the  U.S 
Export  Control  Acts  as  implemented  by  AFR  400-10. 
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This  document  contains  the  results,  substantiating  data,  test  tech- 
niques, and  data  analysis  methods  for  the  A-7D  AIMS  tests,  Level  2 (Mode 
C)  and  Levels  3 through  5,  for  A-7D  aircraft  with  boom  refueling  receptacles 
The  AIMS  modification  met  the  AIMS  Levels  2 and  4 criteria.  The  AIMS  Level 
3 criterion  was  not  met  in  the  transonic  flight  regime.  The  Level  5 cri- 
terion was  not  met  because  the  f utot-static  system  error  was  influenced 
by  throttle  setting  during  rapid  descents  at  high  Mach  numbers,  and  large, 
rapid  throttle  movements  caused  erroneous  transients  in  the  altitude  and 
vertical  velocity  indications.  These  transients  increased  pilot  workload 
during  instrument  flight  and  caused  moderate  pitch  oscillations  at  high 
Mach  numbers  with  the  altitude  hold  mode  of  the  automatic  flight  control 
system  engaged.  Angle -of -attack  changes  caused  by  turbulence  or  pilot 
pitch  inputs  resulted  in  rapid,  erroneous  fluctuations  of  the  airspeed 
indicator,  altimeter,  and  vertical  velocity  indicator.  Further  design 
and  testing  were  recommended  to  improve  the  pitot-static  system  in  the 
areas  that  did  not  meet  the  Level  5 criterion.  This  document  also  con- 
tains the  results,  substantiating  data,  test  techniques,  and  data  analysis 
methods  for  the  Levels  3 and  4 tests  on  an  A-7E  aircraft  with  the  air 
refueling  probe.  The  discussion  applies  to  aerodynamically  similar  A-7D 
aircraft  with  the  air  refueling  probe.  The  AIMS  modification  for  the 
A-7E  aircraft  with  W-5  and  6 air  data  computer  (ADC)  cams  (designed  for 
A-7d  aircraft  equipped  with  boom  refueling  receptacles)  did  not  meet  the 
AIMS  Level  3 criterion.  Further  pitot-static  probe  design  and  testing 
were  recommended  to  develop  a system  with  W-5  and  6 ADC  cams  that  would 
meet  the  Level  3 criterion. 
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INTRODUCTION 


The  following  tests  were  conducted  to  accomplish  Levels  2 through 
5 of  the  AIMS  levels  of  testing  as  specified  in  reference  2, 

1.  Flight  tests  to  evaluate  the  altitude  reporting  correspondence 
(Level  2,  Mode  C)  were  accomplished  with  the  Prototype  Aircraft 
Checkout  Facility  (PACF)  located  at  the  AFFTC. 

2.  The  pitot-static  system  calibrations  (Levels  3 and  4)  were  obtained 
using  AFFTC  T-38  pacer  aircraft,  the  tower  fly-by  facility,  and  the 
takeoff  and  landing  phototheodolite  facility. 

3.  The  following  tests  were  accompli ?hed  to  satisfy  the  Level  5 require- 


ments : 

a. 

Lag  investigation 

b. 

Weapon  delivery  tests 

c. 

Navigation  accuracy  tests 

d. 

Head -up  display  (HUD)  tests 

• 

e . 

Present  position  wind  tests 

f . 

Automatic  flight  control  system 

( AFCS ) 

tests 

g. 

Pitot -static  line  water  drainage 

tests 

h. 

Turbulence  and  angle -of -attack  rate* tests 

The 

pitot-static  system  error  during 

rapid 

descent  was  evaluated 

during  the  lag  investigation.  The  interface  of  the  pitot-static  probes/ 
air  data  computer  (ADC)  modification  with  the  HUD  and  the  navigation 
weapon  delivery  system  (NWDS)  computer  software  tape  was  evaluated  during 
weapon  delivery  in  the  barometric  altitude  bombing  mode. 

The  effect  of  the  revised  computer  software  tape  was  also  evaluated 
during  navigation  accuracy,  HUD  altitude -re porting,  pullup  command 
symbology,  and  NWDS  present  position  wind  velocity  tests. 

Throttle  transients  were  evaluated  during  the  automatic  flight  con- 
trol system  tests. 

A description  of  the  store  loadings  flown  during  the  program  is 
presented  in  table  I. 


Table  I 


AIRCRAFT  EXTERNAL  STORE  LOADINGS 


Loading 

No. 

Description 

Wina 

Station 

Fuselage 

Station 

1 

2 

3 

4 

5 

6 

7 

8 

►— 

»-* 

6 pylons  with  flAU-12  racks 

X 

X 

X 

X 

X 

X 

2 Aero  3B  launchers 

X 

X 

2 

2 Aero  No.  45-9534  fuel  tanks 

Ifl 

X 

■ 

X 

■ 

■ 

3 

2 SUU-20A/A  dispensers 

1 

12  BDU-33B/B  practice  bombs 

(6) 

■ 

(6) 

5 

4 

2 Multiple  Ejector  Racks 

m 

■ 

X 

12  MK-82  LDGP  bombs 

m 

(6) 

■ 

■ 

(6) 

S 

5 

2 Multiple  Ejector  Racks 

a 

m 

X 

2 Triple  Ejector  Racks 

X 

3 

X 

16  MK-82  LDGP  bombs 

(2) 

(6) 

(6) 

(2) 

^Loadings  2 through  5 include  Loading  1. 

Loading  1 is  referred  to  as  the  basic  loading  in  this  report. 


AMS  MODIFICATION 

Of  the  test  aircraft,  A-7D  584  was  a pre-production  aircraft  and  the 
other  four  aircraft  were  production  A-7D  aircraft.  The  first  test  air- 
craft, A-7D  973,  was  equipped  with  Rosemount  Engineering  Company  (REC) 

Model  856  W-l  and  2 (Lt  and  Rt)  Revision  J aerodynamically  compensating 
pitot-static  probes.  After  an  initial  evaluation  of  the  Revision  J 
probes  on  A-7D's  584  and  973,  Revision  G probes  were  installed  on  A-7D 
973.  Due  to  installation  problems,  the  pneumatic  fittings  were  modified 
on  the  Revision  G probes  and  the  modified  probes  were  designated  REC  Model 
856W-5  and  6 (Lt  and  Rt) . The  REC  Model  856  W-5  and  6 probes  were  installed 
on  A-7D 1 8 338,  351,  944  , and  973  at  fuselage  station  212.4  +0.1  and  water 
line  105.7  +0.1  with  the  pitot  port  at  a 3.0  +0.5  degree  nosedown  attitude 
relative  to“the  water  line.  Any  further  mention  of  pitot-static  probes 
will  refer  to  the  REC  Model  856  W-5  and  6 probes  unless  specifically 
no’.ed. 


The  routing  of  the  pitot-static  lines  for  the  AIMS-modif ied  produc- 
tion aircraft  was  redesigned  by  the  Oklahoma  City  Air  Materiel  Area 
(OCAMA) , Tinker  Air  Force  Base,  Oklahoma,  to  insure  adequate  drainage 
and  compatibility  with  the  probe  location.  A negative  gradient  relative 
to  the  water  line  was  provided  from  the  probes  and  cockpit  instruments 
to  nosewheel  well  drain  ports  (figure  1).  Additional  drains  were  provided 
in  the  right  avionics  bay  to  trap  condensation  of  vapors  that  escaped  the 
nosewheel  well  drains.  A schematic  of  the  pitot-static  system  is  presented 
in  figure  2. 
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The  air  data  computers  installed  were  standard  CP-953A/AJQ  units 
with  modified  Mach  and  static  defect  cams.  The  ADC  and  the  modified 
cams  were  designed  and  manufactured  by  AiResearch  Manufacturing  Company, 
Torrance,  California. 

The  navigation  weapon  delivery  computer  (NWDC)  was  programmed  with 
a modified  software  tape,  OFP  42H,  during  and  following  the  weapon  de- 
livery tests.  The  modified  NWDC  tape  was  supplied  by  Ling-Temco-Vought 
Aerospace  Corporation  (LTV) , Grand  Prairie,  Texas. 

INSTRINENTATION 

The  standard  cockpit  altimeter  and  airspeed  indicator  were  replaced 
with  a calibrated  AAU-19/A  altimeter  and  a calibrated  F-l  airspeed  indi- 
cator. A one-kHz  sidetone  signal  generator  was  installed  in  A-7D's  973 
and  338,  and  was  used  to  designate  weapon  release  and  to  correlate  lag 
and  takeo f f -and -landing  (TOL)  data.  A C-band  beacon  was  installed  in 
A-7D  973  to  facilitate  the  range  radar  tracking  capability. 

NAVAL  AIR  TEST  CENTER  CALIBRATION 

This  report  also  contains  the  data  obtained  during  the  pitot-static 
calibration  on  an  A-7E  at  the  Naval  Air  Test  Center  (NATC) , Patuxent 
River,  Maryland.  The  A-7E  had  a REC  Model  856  W-l,  Revision  J probe 
installed  on  the  left  side  and  a REC  Model  856  W-4,  Revision  A probe 
installed  on  the  right  side.  The  right  probe  was  designed  to  compensate 
for  the  air  refueling  probe  on  A-7E  aircraft.  The  USAF  has  A-7D  aircraft 
in  the  inventory  with  air  refueling  probes.  The  data  from  the  A-7E  air- 
craft were  analyzed  by  the  AFFTC  to  determine  if  a pitot-static  system 
with  REC  Model  856  W-l,  Revision  J and  856  W-4,  Revision  A probes  and  an 
ADC  with  cams  designed  for  W-5  and  6 probes  would  meet  the  DOD  AIMS  Level 
3 criterion.  The  data  were  also  analyzed  to  determine  if  a pitot-static 
system  with  REC  Model  856  W-l,  Revision  J and  856  W-4,  Revision  A probes 
and  an  ADC  with  cams  designed  for  the  30,000-foot  Revision  J data  would 
meet  the  DOD  AIMS  Level  3 criterion  for  A-7D  aircraft  with  the  air  re- 
fueling probe. 


TEST  AND  EVALUATION 

LEVEL  2,  MODE  C 


a t mc  Thf\mode  c altitude  reporting  correlation  was  satisfactory.  The 

Cere  n^rh^S°rte^altitUde/n • 10°'f°Ot  increments,  and  no  differences 
ed  between  the  aircraft  indicated  altitude  and  the  transmitted 

firi?  9 as  received  by  the  ground  station.  The  results  satisfied  the 

Tit*  C/e(3ul^ement  (reference  2)  and  are  shown  in  table  II.  The 

when  t-hn  lndlcates  the  same  altitude  as  the  transmitted  altitude 

of  !hthpii  ^ rte!;S/arer  SeL  °n  29  *92  inches  Hg.  The  NOTE  on  page  1-157 
^ht  Manual  (reference  3)  does  not  specify  the  required  AAU-19/A 

barocounter  setting.  The  following  NOTE  should  replace  the 
NOTE  on  page  1-157  of  the  Flight  Manual:  (R  1)1  replace  the 


NOTE 

Altitude  reported  to  the  ground  station 
will  be  the  same  as  the  altitude  indicated 
on  the  cockpit-mounted  (barometric)  altim- 
eter with  29.92  inches  Hg  set  on  the 
barocounters  on  aircraft  equipped  with  an 
AAU-19/A  altimeter  and  RESET  position  se- 
lected. 


Levels  2 (except  Mode  C)  and  M of  the  AIMS  levels  of  testing  were 
previously  accomplished  in  accordance  with  reference  2 during  the  A-7D 
Category  II  Mission  and  Traffic  Control  Avionics  Evaluation  preference  4) 


Table  II 


ALTITUDE  CORRESPONDENCE 


Aircraft 

Indicated 

Altitude 

(ft) 

PACF  ' 

Indica ted 
Altitude 
(ft: 100) 

4,800 

048  | 

18,100 

181 

20,200 

202 

29,600 

296 

34,600 

346 

NOTE:  All  aircraft  indicated 

altitudes  were  obtained 
with  the  altimeter  in  the 
RESET  mode  and  barocounters 
set  at  29.92  inches  Hg. 


’Boldfoce  iMimtrali  preceded  by  on  R correspond  to  the  recommendation  number,  tobuloted  in  the 
Conclusions  end  Recommendations  soction  of  this  report. 
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LEVELS  S ANO  4 


The  airspeed  calibration  techniques  and  data  reduction  methods  pre- 
sented in  reference  5 were  used  to  obtain  the  level  flight  data. 

Prato  Mstol  Ml  W-l  Ml  2,  tovtilM  J 

The  data  presented  in  figure  3 were  obtained  on  two  flights  on  A-7D 
584  and  verified  the  Level  1 data  presented  in  reference  1.  The  fairings 
in  figure  3 were  crossplotted  from  data  obtained  on  A-7D  973  and  presented 
in  figure  4.  The  data  obtained  on  A-7D  584  differed  from  the  data  on 
A-7D  973  above  0.65  indicated  Mach  number.  Altitude  had  a significant 
effect  on  position  error  above  0.75  indicated  Mach  number  for  both  air- 
craft calibrations. 


The  altitude  position  error  correction  for  the  RESET  mode  presented 
in  figure  5 was  obtained  with  ADC  cams  designed  for  the  30,000-foot 
STANDBY  position  error  data  from  the  Level  1 tests.  The  design  curve 
for  the  ADC  cams  is  shown  in  figure  6.  The  DOD  AIMS  Level  3 criterion 
for  altitude  reporting  systems  requires  that  the  cockpit  indication  be 
within  250  feet  of  the  true  aircraft  pressure  altitude  (reference  2) . 
Since  random  system  errors  are  present  in  the  cockpit  indicated  altitude, 
the  allowable  RESET  position  error  must  be  less  than  250  feet  to  satisfy 
the  Level  3 criterion.  The  Level  3 criterion  could  be  defined  by  the 
following  expression: 


AH  + 


< 250  feet 


where 


AH  - residual  position  error  correction  for  the  AAU-19/A  altimeter 
in  the  RESET  mode  (ft) 

ys  = random  system  error  of  the  ADC/AAU-19/A  altimeter /posi- 

tion error  uncertainty  (ft) 


The  error  analysis  presented  in  the  appendix  was  conducted  to  deter- 
mine the  total  random  system  error  of  the  AIMS -modified  A-7D  aircraft  and, 
in  turn,  the  allowable  altitude  position  error  in  the  RESET  mode.  The 
results  of  the  error  analysis  are  presented  in  figure  7.  The  RESET  posi- 
tion error  data  presented  in  figure  5 did  not  meet  the  Level  3 criterion 
due  to  the  variation  of  position  error  with  altitude  above  0.75  indicated 
Mach  number. 

REC  indicated  that  wind  tunnel  data  for  the  Revision  J probes  on 
A-7D  584  were  barely  within  their  manufacturing  tolerances  (reference  6) . 

A third  set  of  Revision  J probes  were  obtained  and  installed  on  A-7D  584. 
The  STANDBY  position  error  obtained  on  these  probes  is  presented  in  fig- 
ure 8.  The  variation  of  position  error  with  altitude  above  0.75  Mach 
number  was  again  noted.  In  addition,  the  data  did  not  agree  with  the 
fairings  from  figure  4 and  indicated  that  probe  tolerances,  variations 
between  aircraft,  instrument  calibrations,  and  airspeed  calibration 
techniques  contributed  to  differences  noted  in  the  data. 
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Star*  Leading  Effects 

on  umTWO  "er<z  fiown  on  A“7D  584  with  16  MK-82  LDGP  bombs  mounted 

t 7'  and  8 Wlth  the  second  set  of  Revision  J probes. 

Two  additional  flights  were  flown  with  two  AERO  45-9534  fuel  tanks  on 
wing  stations  3 and  6 with  Revision  G probes.  Store  effects  were  not 
evident  with  these  store  loadings  (figures  9 and  18) . Store  loadinq  ef- 
fects at  the  present  forward  probe  location  are  not  expected  with  other 
loadings.  By  comparison,  the  store  effects  evident  in  the  Level  1 tests 
(reference  1)  for  the  aft  probe  location,  fuselage  station  306.0  and 

TorT,  unacceptable^06^6**  ^ Varied  with  loadin*'  and  were'  there‘ 

Pffifc*  M*d«l  IM  UK-5  aad  S 

rlleidf!  obtained  from  the  Revision  D,  E,  F,  G,  and  J probes  during 
ifvelrJ  tests  wenr  re -evaluated  for  the  slope  of  the  position  error 

ThP  Svi^feCr  °f  altltude  on  Position  error  at  transonic  Mach  numbers. 
The  Revision  G probes  were  selected  as  most  likely  to  meet  the  error 
analysis  requirements  (and  the  DOD  AIMS  criteria)  throughout  the  level 
flight  envelope  of  the  A-7D. 

The  compression  sleeve  fittings  on  the  Revision  J probes  failed 

times  during  the  Levels  3 and  4 tests.  It  was  recommended  to  REC 
that  double  flare  fittings  be  adopted.  REC  made  this  change  to  the  Revi- 
sion G probes,  realigned  the  mounting  holes  on  the  base  plate,  and  re- 
designated the  Revision  G probes  as  Probe  Model  856  W-5  and  6 The  W-5 
and  6 probes  were  aerodynamic ally  identical  to  the  Revision  G ‘probes. 

Three  flights  were  flown  on  A-7D  973  to  verify  the  Level  1 data  and 
to  obtain  additional  STANDBY  position  error  data  required  to  design  ADC 
cams.  The  position  error  data  obtained  on  A-7D  973  are  presented  in 
igure  10  with  fairings  crossplotted  from  later  calibrations  (figure  12). 

The  allowable  residual  position  error  determined  by  the  error 
analysis  was  considered  in  the  design  of  ADC  cams  for  the  system  with 
w-d  ana  6 probes, 

A comparison  of  design  curves  for  the  three  sets  of  ADC  cams  tested 
is  presented  in  figure  6.  The  ADC  design  correction  for  the  W-5  and  6 
probes  in  terms  of  AHpc,  AVpc , and  AP/QCic  for  2,300,  10,000,  20,000, 

30,000,  and  40,000  feet  is  presented  in  table  III. 

A complete  presentation  of  STANDBY  and  RESET  position  error  is  shown 
in  figures  11  through  34  for  A-7D's  338,  351,  944,  and  973.  The  fairings 
shown  on  the  plots  of  AP/Qc^c  versus  indicated  Mach  number  (figures  11, 

17,  23,  and  29)  were  individually  crossplotted  for  each  aircraft  to 
obtain  the  fairings  on  the  AH  , AV  , and  AM  plots. 


The  fairings  of  AP/QCic  for  the  individual  aircraft  were  also  used 
to  obtain  a representative  fairing  of  AP/Qc.c  for  the  four  A-7D  production 
aircraft  tested  (figure  35).  The  representative  fairing  of  the  AP/QCi 
data  was  crossplotted  to  obtain  the  fairings  presented  in  figures  36, 


Table  III 


ADC  CM  DESIGN  CORRECT 1'jNS  FOP  THE 
W-5  AND  b PRoRI.fi 


nr 

P fV 

*1  * 

r/o 

lc 

tv 

PC 

(kt) 

H 

pc 

(ft) 

| 1 re  sour*  Altitude  « 

2,  100  f 

0.200 

0 .99916 

-0  . 0299 

-1 .9 

-2  1 

0.250 

0.99916 

-0 .0190 

-1  .5 

-2  3 

0 .300 

0 .998  13 

-0  .0262 

-2.4 

-46 

0,350 

0.99749 

•0  .0287 

-3.1 

-6 9 

0 .400 

0 .9  ’6fe$ 

-0  .028  7 

-3.5 

-91 

0 .4  50 

0,99581 

-0 , 0 3 78 

-3.0 

-1  1 3 

0.500 

0 .99500 

-0  .0270 

-4.1 

-137 

0.550 

0.994  15 

-0  .0257 

-4  .2 

-160 

0 .600 

0.99332 

-0  .024  4 

-4  . 3 

-10  3 

0.650 

0 .99249 

-0  .0229 

-4  .3 

-205 

0 .700 

0.99186 

-o  .oil 2 

-4.2 

-223 

0.750 

0 .99290 

-0  .0150 

-3.3 

-194 

0.775 

0.99  14  1 

-0 .0136 

-3.0 

-10  i j 

O.BuQ 

0.994  77 

-0.0100 

-2.2 

-143 

0.825 

0.99762 

-0  .0042 

-1  .0 

0.850 

1.00234 

-0 .00  39 

0.9 

b 4 

0.875 

1 .01140 

-0  .0175 

4 .2 

309 

0 .900 

1 .02  390 

-0  .0343 

8.3 

b 46 

| Pleasure  Altitude  - 

10,000 

t 

0.250 

0 .99916 

-0.0175 

-1.2 

-20 

0.300 

0.99033 

-0  .0259 

-2.1 

-4  3 

0.350 

0.99749 

0.0241 

-2.3 

-55 

0.400 

0 .99665 

-0  .0286 

-3.1 

-06 

0.450 

0 .99581 

-0.0281 

-3.4 

-100  f 

0.500 

0.99500 

-0  . ■) 2b  5 

-3.5 

-127 

0.550 

0.994 15 

-0.0257 

-3.7 

-151  \ 

0.600 

0 .99332 

-0.0^44 

-1.8 

-173 

0.650 

0.99249 

-0  .0229 

-3.9 

-194 

0 .700 

0.99186 

-6  .0211 

-3.0 

-210 

0.750 

0 .99290 

-0  ,0157 

-3.0 

-181 

0 .775 

0 .9934  1 

-0 .01*15 

-170 

0.80/ 

0.99477 

-0  ,01'JO 

-2.0 

-135 

0.825 

0.99762 

-0,004; 

-0.9 

-6  1 

0.850 

1 .00234 

0.O03 

0.0 

bO  ( 

0.875 

1 .01140 

O.t'i  7*> 

3.8 

294 

0 .900 

1 .02390 

0.0 .42 

7.6 

610 

V 

P /V 
’■  a 

IVQ 

»c 

Vpc 

(kt) 

•II 

V* 

(ft) 

| Prc  saute  A] 

1 1 1 uda  • 

0,000  f 

t 

0.450 

0 .99  jBI 

-0  .0281 

-2.8 

-ino 

0.500 

0.9)500 

-0  .0270 

-3.0 

-120 

0.550 

0 .9941  > 

-0  .0257 

-3.1 

-140 

u.uOO 

0 .99  1J2 

-0.0243 

-3.2 

-160 

0 .650 

0.99249 

-0 .Q2 JO 

-J.  J 

-180 

0 .700 

0.99106 

-0  .0208 

-3.2 

-192 

0.750 

0 .99290 

-0.0157 

-2  .6 

-170 

0.775 

0 .99  341 

-0.0135 

-2  . 3 

-157 

0 ,800 

0 .994  7 7 

-0  .0100 

-1  .7 

-125  ' 

0 .02j 

0 .39762 

-0  0042 

-0.0 

-5  7 

'3.850 

1 .002  34 

0.00)9 

0 . 7 

56 

0.275 

1 .01140 

0 .0176 

3.3 

271 

0 .900 

l .02390 

0 .0342 

0 .6 

565 

j]  Pressure  Altitude  - 30,000  ft  | 

0.550 

0 .99415 

-0  .0257 

-2.6 

-129 

o .too 

0 .993  32 

-0  .0243 

-2.6 

-147 

0 .o50 

0 .99249 

-0  .0229 

-2.7 

-165 

0.700 

0 .99106 

-0.0711 

-2.7 

-179 

0.750 

0.99290 

-0  .0158 

-2.1 

-157 

0.775 

0.99343 

-0.01  35 

-l  .9 

-145 

0.800 

0 ,994  77 

-0.01U2 

-l  .5 

-118 

0.825 

0.99762 

-0  .0042 

-0  .6 

-52 

0.050 

1 .002  34 

0.0030 

0.6 

51 

0.075 

1 .01140 

0 .0175 

2.8 

249 

0 .900 

1 .02  390 

0 .0)42 

5 .6 

520 

j Pressure  Altitude  • 35,000  It  |j 

0.650 

0.99249 

-0  ,0245 

-2.6 

-169 

0.700 

0.99186 

-0  .0211 

-2.4 

-172 

0.750 

0 .99290 

-0.0158 

-2.0 

-150  g 

0.775 

0 .99  34  3 

-O  .0136 

-l  .7 

-139 

0 .800 

0 .99477 

-0.0)00 

-1.3 

-110 

0 .825 

0.997b2 

-0.0042 

-0  ,b 

-50 

0 .850 

1 .002  34 

0 .0(1  J9 

0.5 

50 

0.875 

L .01140 

0 .0  1 75 

2.5 

2 38 

0.900 

1.02390 

0 .0338 

5.0 

491 

j Pleasure  Altitude  « 40,000 

t 

0.700 

0.99186 

-0.0211 

-2.2 

-170 

0.750 

0.99290 

-0.0157 

-1 .? 

-148 

0 .775 

0 .99343 

-0  .0137 

-1  .6 

-139 

0.800 

0.99177 

-0.0101 

-1  .2 

-110 

0.825 

0.99  762 

-0.004  J 

-0.5 

-50 

0.850 

1 .002  34 

0 .0039 

-0  .5 

49 

0 .075 

I.O1140 

0.0175 

2.  J 

2 3b 

0.900 

1 .02  390 

0 .0341 

4 .5 

491 

38,  and  39,  for  inclusion  in  the  Flight  Manual.  A representative  fairing 
of  the  RESET  data  is  presented  in  figure  37.  Figures  36  through  39  of 
this  report  should  be  inserted  into  the  Flight  Manual  for  use  with  AIMS- 
modified  A-7D  aircraft.  These  figures  should  replace  figure  Al-5  (sheets 
1,  2,  4,  and  5)  . (R  2) 

The  flight  regime  where  the  individual  aircraft  did  not  meet  the  Level 
3 criterion  Is  shown  in  figure  40 . Taking  the  representative  fairings  from 
figure  37  as  the  mean  for  the  A-7D  fleet,  the  flight  regime  is  shown  where 


I 


the  A -7 D fleet  should  meet  the 
aircraft  tested  met  the  Level  3 
DOD  AIMS  Document  No.  153  does 
meet  the  Level  3 criteria  in  th 
but  requires  that  the  AIMS  modi 
error  in  those  flight  regimes, 
system  in  the  transonic  flight 


requirements  of  the  error  analysis.  The 
criterion  except  in  the  transonic  regime, 
not  require  that  AIMS -modified  aircraft 
e transonic  and  supersonic  flight  envelope, 
fication  not  degrade  the  aircraft  position 
The  A-7D  AIMS  modification  improved  the 
regime  (figure  40)  . 


,ho  ,Jhe  d*ta  Presented  in  figures  15,  21-  27,  and  33  were  reduced  by 

individual  °p/c>re 5)  • The  fairings  were  crossplotted  from  the 
nd  vidual  AP/QCic  fairings  for  each  aircraft.  All  flight  data  were 

™nreCArded  a?f  ac°urate  altitude  readings  were  emphasized  over  air- 
speed  A majority  of  the  data  scatter  was  attributed  to  hand  recording 

3 Pl.t05  )OSS  °f  ^PP^ximately  2 knots  ™ 

A-7D9338  2na  s ?51  and  944  • The  apparent  pitot  loss  on 

and  th«  d“a  re=3o?dinr«t^eused.th°  oalibration 

P«w*r  Approach  Position  Error 

down  Ind  err°r  correctfon  for  the  RESET  mode  with  gear 

Filrrht-  i P fP°w®r  approach  configuration)  was  compared  with  the 

Flight  Manu31  curve  Xn  figure  41.  The  position  error,  AH,  was  less  than 

lesf  thanVthetFliahrLaPP1r°aCh  8peed.ran9e  and  w«s  as  much  as  130  feet 
inserted  i^  the  F??ah^Ta  w™*  * FlgUre  42  °f  this  rePort  should  bo 
It  shou?dlnreriLeFUf?!£rrr-5  airCraft- 

negli£b^t“^  hadThe 

sentative  STANDBY  position  er?ir  correction?"?  “ £5£- 

ble. P°There fore ^it^w.s ^concluded  15'SSt  SuES'SES 

SSSS  !iir??“dS  =?a"9Cd  =4nS?cf„T“yBanr:i“ran?ur4eed°Wer 

modified  A-7D  ai^raft!  ° th<!  Fllght  Hanual  neod  not  bo  changed  for  AIMS- 

Rom  Air  Turbin#  Effects 

T1?e  ram  air  turbine  (RAT)  was  extended  in  flight  on  A-7D  973  Th» 
extensron  of  the  RAT  did  not  affect  position  err^Ui^res  ’n’t^ough 14)  . 

Sidotllp  Investigation 

„-.The  f,idesliP  investigation  was  conducted  on  A-7D  973  in  the  cruise 
configuration.  The  aircraft  was  flown  in  stabilized  level  fliqht  at 
’tf  }?P  “P  to  full  rudder  deflection.  The  .iSHlip  dS?  tie 
p esented  in  figure  43.  No  position  error  changes  due  to  sideslip  were 
observed  with  50  percent  rudder  deflection  or  less  and  the  chanqePin 
position  error  due  to  sideslip  with  full  rudder  was  less  than  80  feet. 


In -Ground -Effect  Position  Error 


In -ground -effect  position  error  data  were  obtained  on  A-7D  338  dur- 
ing ground  run  accelerations  and  in  the  takeoff  attitude.  The  data  were 
obtained  with  Askania  phototheodolite  camera  coverage  of  takeoff  accelera- 
tions. The  sidetone  was  initiated  by  the  pilot  at  predetermined  airspeeds 
and  the  time  of  initiation  was  recorded  on  the  Askania  camera  film  for 
airspeed  correlation.  Ambient  temperature,  wind  direction,  and  wind 
velocity  were  obtained  from  the  instruments  stationed  near  the  runway. 
Ambient  pressure  was  determined  from  the  aircraft  ground  block  data. 

The  data  obtained  are  presented  in  figures  44  and  45  for  the  ground  run 
accelerations  and  the  takeoff  attitude,  respectively. 

These  data  should  be  compared  with  in-ground-effect  data  for  the  exist 
ing  production  system  to  determine  if  the  Flight  Manual  takeoff,  refusal, 
and  acceleration  check  speeds  have  changed  for  AIMS-modif ied  A-7D  aircraft. 

(R  4) 

NATC  CaiihratiM 

A pitot-static  system  calibration  was  performed  at  the  NATC  on  A-7E 
USN  B/N  156752.  The  data  obtained  are  presented  in  figures  46  and  47 
in  terms  of  AP/QCic  and  AHpc,  respectively.  The  high  altitude  data  were 

inconsistent.  The  fairings  on  the  AH  data  were  crossplotted  from  the 

pc 

AP/QCic  data.  The  ADC  cam  correction  for  the  W-5  and  6 probes,  presented 

in  figure  5 and  table  III,  was  applied  to  the  fairings  in  figure  47  to 
obtain  the  predicted  RESET  fairings  shown  in  figure  48. 

The  predicted  RESET  position  error  for  the  A-7E  aircraft  with  the 
W-4,  Revision  A right  probe  did  not  meet  the  Level  3 criterion.  The 
predicted  flight  regime  where  this  system  would  have  less  than  250  feet 
position  error  in  the  RESET  mode  is  shown  in  figure  49.  The  error 
analysis  was  not  applied  to  the  predicted  position  error.  It  was  con- 
cluded that  a system  with  Navy-modif iec  Revision  J probes  and  an  ADC 
with  W-5  and  6 cams  for  A-7D  aircraft  with  air  refueling  probes  would 
not  meet  the  DOD  AIMS  criteria. 

The  ADC  cam  correction  designed  for  the  30,000-foot  data  from  the 
Revision  J probes,  presented  in  figure  5 and  table  IV,  v/as  applied  to  the 
fairings  in  figure  47  to  obtain  the  predicted  RESET  fairings  shown  in 
figure  50. 

The  predicted  RESET  data  for  the  A-7E  aircraft  with  the  ADC  cam 
correction  designed  for  the  Revision  J probes  also  did  not  meet  the  re- 
quirements  of  the  error  analysis.  The  predicted  flight  regime  where  this 
system  would  have  less  than  250  feet  position  error  in  the  RESET  mode  is 
shown  in  figure  5.  The  error  analysis  was  not  applied  to  this  predicted 
flight  regime.  It  was  concluded  that  a redesign  of  the  ADC  cams  would 
not  improve  the  system  and  that  a system  with  the  Navy -modified  Revision 
J probes  was  unacceptable  for  A-7D  aircraft  with  the  air  refueling  probe. 
A test  program  should  be  initiated  to  develop  a modified  W-6  probe 
designed  to  compensate  for  the  air  refueling  probe  such  that  a system 
comprised  of  a W-5  probe  and  a modified  W-6  probe  with  corresponding  W-5 
and  6 ADC  cams  would  meet  all  AIMS  criteria  for  A-7D  aircraft  with  air 
refueling  probes.  (R  13) 


Table  IV 


ADC  CAM  DESIGN  CORRECTIONS  FOR  THE  REVISION  J PROBES 

30,000  FEET 


M. 

1C 

P /P 

SI  3 

Pressure  Altitude  a 

(ft)  1 

Sea 

Level 

37,500 

40.000  1 

MJKg1 

unSm 

IBS!  H 1 
lufl 

KMK 

Hili 

1 

■MftX#1 

■UMi 

■hSH 

0.200 

0.99925 

-21 

i 

i 

i 

i 

i 

0.300 

0.99830 

-20 

-ii 





0.400 

0.99692 

-86 

-70 

0 .500 

0.99568 

-120 

-111 

-83 

0 .600 

0.99477 

-147 

-133 

-103 

-112 

-100 

-101 

0.700 

[ 0.99454 

-152 

-140 

-110 

-116 

-107 

-106 

0.750 

0.99750 

-71 

-48 

-41 

-54 

-42 

-44 

0 .800 

1.00501 

135 

132 

122 

103 

114 

112 

0.850 

1.02230 

611 

566 

497 

464 

469 

467 

0 .875 

1.05644 

1,198 

1,072 

954 

900 

900 

897 

LEVEL  I 


Lac  lavasticatiM 

The  lag  investigation  was  conducted  on  A-7D  973  wit-h  w-^  c. 

prK"uretaUUudctlSn  aititUde-  "«•  and  calibraS 

' pc*  Tie  alrcraft  was  then  dived  from  20,000  feet  at 

lease  was  recorded.  Lag  was  determined  from  the  following  equatio!!., 


AH 


Lag 


H.  + AH  - H 
r Pc 


pc 


"r  * aHR 


II 


where 


AH  = residual  position  error  in  RESET  at  the  tone  release  con- 
ditions 

Hi  = indicated  pressure  altitude  in  the  servoed  (RESET)  mode. 


AHLag  = correct^on  for  altimeter  error  during  rapid  descent. 

AHR  = tin<:  dependent  correlation  between  range  radar  altitude  and 
calibrated  pressure  altitude. 


Rate  of  descent  and  radar  altitude  at  tone  release  were  obtained  from  a 
plot  of  radar  altitude  versus  ground  position  with  timing  marks.  The  lag 
data  obtained  are  presented  in  figure  52  and  exhibited  both  Mach  number 
and  throttle  setting  effects  . The  effects  were  more  pronounced  at  high 
transonic  Mach  numbers.  It  was  concluded  that  spillage  of  high  pressure 
air  by  the  inlet  as  power  was  retarded  and  the  proximity  of  the  probes 
to  the  engine  inlet  caused  the  variation  of  lag  with  Mach  number  and 
power  setting.  The  altitude  lag  was  insignificant  at  any  throttle  setting 
with  indicated  Mach  numbers  less  than  0.75.  At  Mach  numbers  above  0.80, 
the  actual  aircraft  altitude  should  be  obtained  by  adding  AH.  and  the 


altitude  position  error  to  the  indicated  altitude, 
should  be  inserted  in  the  Flight  Manual.  (R  5) 


The  following  NOTE 


NOTE 

AAU-19/A  SERVO  (RESET)  MODE 

With  MIL  thrust,  high  rate  of  descent,  and 
an  indicated  Mach  number  greater  than  0.80, 
the  indicated  altitude  may  read  as  much  as 
300  feet  higher  them  the  actual  aircraft  al- 
titude. For  the  same  conditions,  with  IDLE 
thrust,  the  indicated  altitude  may  read  as 
much  as  500  feet  lower  than  the  actual  air- 
craft altitude. 

Worm  Dallvvy  Accaucy 

The  initial  objective  of  the  weapon  delivery  evaluation  was  to  de- 
termine the  effects  of  the  revised  AIMS -modified  computer  software  tape 
and  the  modified  pitot-static  installation  on  the  accuracy  of  the  baro- 
metric altitude  ranging  mode  of  weapon  delivery.  During  lag  investiga- 
tion tests,  however,  it  was  determined  that  the  engine  throttle  setting 
effects  problem  could  also  affect  barometric  bombing  accuracy.  As  a re- 
sult, an  additional  test  objective  was  generated. 

The  barometric  altitude  ranging  mode,  the  third  order  of  precedence 
for  computed  weapons  delivery,  was  evaluated.  To  evaluate  this  mode,  the 
forward  looking  radar  (FLR)  and  radar  altimeter  were  turned  off.  The 
weapon  delivery  backup  mode  flow  diagram  in  figure  53  shows  the  reversion 
process  the  NWDS  used  to  achieve  data  inputs  by  priority.  From  these 
inputs  the  NWDS  continuously  computed  aircraft  velocity  in  three  dimen- 
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sions  and  position  relative  to  the  target  as  shown  in  figures  54  and  55 
to  derive  a weapon  delivery  solution.  Figure  54  also  shows  the  velocity 
input  order  of  precedence  as  a function  of  the  inertial  measurement  set 
(IMS)  mode  selected. 


Because  no  radar  air-to-ground  ranging  or  radar  altimeter  inputs 
were  available,  the  barometric  altitude  minus  target  altitude  was  auto- 
matically used.  To  ensure  the  NWDil  computer  was  using  the  proper  values 
to  compute  this  altitude  difference,  the  Mean  Sea  Level  Pressure  (MSLP) 
method  was  used.  This  method  consisted  of  obtaining  the  altimeter  setting 
for  the  target  area  and  inserting  it,  along  with  other  target  data,  into 
the  NWDS  computer  prior  to  takeoff. 


In  order  to  determine  the  magnitude  of  engine  throttle  setting 
effects,  the  weapon  release  condition  variables  were  minimized.  All 
tests  were  conducted  at  15  and  30  degree  dive  angles  and  at  420,  450, 
500,  and  550  KTAS  with  power  settings  of  MIL,  90  percent,  and  IDLE.  'The 

QannrttteleVation  was  2,433  feet  MSL*  A target  designate  altitude  of 
ic  j feet  MSL  was  selected  for  30 -degree  dives  and  5,000  feet  MSL  for 
15-degree  dives.  The  designate  altitudes  chosen  were  based  on  similar 
operational  conditions  used  by  TAC. 


Once  over  the  AFFTC  bombing  range,  the  pilot  selected  the  Visual 
Normal  Attack  Mode  and  followed  normal  release  procedures  (figure  56) 
with  one  exception.  In  order  to  standardize  the  altitude  at  designate, 
all  missions  were  flown  using  point  blank  aiming.  This  technique  con- 
sisted of  holding  the  aiming  symbol  and  flightpath  marker  (FPM)  on  the 
target  until  reaching  the  designate  altitudes  previously  mentioned.  Ranq- 
lng  sensor  inputs  (barometric  altitude)  were  used  to  update  the  weapon  de- 
c°ml>utatlon  only  at  designate  and  at  slew  (via  Bullpup  controller). 
The  thumbwheel  controller  (RETICLE  SLEW)  was  not  used  for  these  tests. 

For  the  engine  throttle  setting  evaluations,  BDU-33  practice  bombs  were 
used  and  no  slewing  was  performed  after  target  designation.  By  using  this 
technique,  only  one  altitude  sample  (at  designate)  was  used  in  the  weapon 
release  solution.  To  evaluate  the  revised  AIMS-modi  f ied  computer  software 
tape  and  pitot-static  system  installation,  MX -82  LDGP  bombs  were  dropped 
and  the  pilot  used  the  Bullpup  controller  to  keep  the  aiming  symbol  on 
the  target  until  release.  These  tests  provided  an  evaluation  of  the 

total  systems  operational  capability  with  a more  bal 1 istical ly  predictable 
weapon . 7 c 


A total  of  26  weapon  delivery  missions  was  flown  and  the  results  of 
approximately  250  bomb  drops  were  analyzed.  All  of  the  missions  flown 
were  broken  down  into  the  following  categories  for  analysis:  aircraft 

serial  number,  type  store,  dive  angle,  true  airspeed,  and  throttle  setting. 

The  analysis  of  test  results  was  considered  to  be  qualitative  because 
all  aircraft  tested  were  production  configured  (with  the  exception  of  a 
C-band  beacon  and  a one -kHz  side  tone  generator  on  A-7D  973)  and  contained 
no  onboard  instrumentation  recording  system.  In  addition,  the  recorded 
magnitude  and  direction  of  aiming  symbol  drift  at  weapon  release  was  a 
pilot  estimate  since  neither  aircraft  possessed  a HUD  camera.  None  of 
the  actual  weapon  impacts  was  surveyed,  but  were  triangulated  via  three 
spotting  towers,  which  could  account  for  an  additional  error  of  as  much 
as  +20  feet. 
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Following  each  mission,  the  original -bomb  scores  were  plotted  and 
corrected  for  aiming  symbol  drift  at  release  as  recorded  by  the  pilot. 

This  was  accomplished  by  correcting  the  aiming  symbol  back  to  the  target 
and  then  correcting  the  actual  weapon  impact  the  same  distance  and  direc- 
tion as  the  aiming  symbol  correction.  The  lateral  error  of  the  corrected 
scores  (perpendicular  to  the  run-in  track)  was  then  removed  to  establish 
12  points  at  various  distances  along  the  aircraft  groundtrack.  Lateral 
errors  were  removed  because  barometric  altitude  ranging  errors  could 
theoretically  cause  only  errors  parallel  to  the  aircraft  groundtrack. 

An  average  error  (long  or  short)  was  plotted  for  each  of  the  three 
throttle  settings.  Figure  57  is  an  example  of  the  _ symbol  correc- 

tion technique  used. 

From  the  results  contained  in  table  V,  it  was  determined  that  no 
significant  bombing  errors  due  to  throttle  setting  effects  were  encountered 
at  the  three  stabilized  throttle  settings  evaluated. 

Table  V 

WEAPON  DELIVERY  SUMMARY 


Aircraft 

S/N 

Store  . 
Loading 

Dive 

Angle 

(deg) 

Airspeed 

(KTAS) 

2 3 

Bomb  Scores  ' 
(ft) 

Power  Setting 

MIL 

90  Percent 

IDLE 

973 

3 

30 

450 

75 

60 

65 

973 

3 

30 

500 

45 

120 

175 

973 

3 

30 

550 

65 

55 

105 

97  3 

3 

15 

420 

60 

165 

115 

973 

3 

15 

450 

70 

60 

180 

973 

4 

30 

500 

05 

25 

20 

973 

4 

15 

450 

50 

50 

50 

944 

3 

30 

450 

-353 

05 

0 

944 

3 

30 

500 

75 

60 

60 

944 

3 

30 

550 

-703 

-353 

15 

944 

3 

15 

450 

100 

110 

145 

944 

4 

30 

500 

15 

05 

15 

944 

4 

15 

450 

45 

45 

40 

■'"Store  loadings  are  described  in  table  I.  v 

2 

Averaqe  distance  from  target  after  correcting  for  aiming  symbol 
displacement  at  release  and  lateral  erroL  from  the  run-in  heading. 

3 

A negative  averaqe  indicates  an  error  in  the  direction  of  12  o'clock 
to  the  target  with  respect  to  aircraft  track.  All  of  the  averages 
except  three  (not  including  the  zero  point)  were  short  of  the  pylon. 
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During  evaluation  of  the  total  systems  operational  capability  using 
MK-82  LDGP  bombs,  it  was  determined  that  satisfactory  weapon  delivery 
results  could  be  attained  using  the  revised  AIMS-modified  computer  soft- 
ware tape  and  pitot-static  probe  installation.  The  scores  shown  in  figures 
58  and  59  represent  the  actual  weapon  impacts  with  no  corrections  applied. 
The  resulting  circular  error  averages  (CEA's)  represent  the  average  bomb 
score.  Figure  58  resulted  in  a CEA  of  60  feet  at  a 15-degree  dive  angle 
and  450  KTAS.  Figure  59  resulted  in  a CEA  of  38  feet  at  a 30-degree 
dive  angle  and  500  KTAS. 

NavigatiM  Accuracy 

Navigation  accuracy  evaluations  were  conducted  at  high  (24,000  feet 
PA)  and  low  (below  2,000  feet  AGL)  altitudes.  Prior  to  the  high  altitude 
test,  the  pilot  entered  the  fly-to  destinations  into  the  NWDS  computer 
and  performed  a complete  ground  alignment  on  the  IMS.  The  evaluation 
was  conducted  in  the  normal  Doppler-Inertial  Gyrocompassing  (DIG)  mode, 
and  the  profile  in  figure  60  was  used.  After  the  aircraft  climbed  to  the 
test  altitude  the  pilot  followed  system  steering  commands  around  the 
course,  transmitting  a tone-off  data  point  every  six  minutes.  At  each 
tone-off  point,  the  pilot  recorded  the  time,  and  stored  the  aircraft's 
present  position  in  the  NWDS  computer  by  pressing  the  MARK  button  on 
the  computer  control  panel.  While  enroute  to  the  next  checkpoint,  the 
pilot  recorded  the  MARK  number  and  corresponding  coordinates,  no  present 
position  updates  were  performed  during  the  tests. 

Before  each  low  level  mission,  the  pilot  entered  the  fly-to  destina- 
tions into  the  NWDS  computer  and  performed  a complete  ground  alignment  on 
the  IMS.  Each  test  was  conducted  in  the  normal  DIG  mode.  The  low  level 
profile  was  flown  from  Boron,  California,  to  Winslow,  Arizona,  and 
back  with  tacan  checkpoints  at  Hector,  and  Needles,  California,  and 
Prescott,  Arizona.  At  each  checkpoint  the  pilot  recorded  present  position 
coordinates  by  using  the  MARK  function  of  the  NWDS  computer.  When  de- 
pressing the  MARK  button  the  pilot  recorded  time  and  MARK  number.  No 
updates  were  performed  during  these  tests. 

Navigation  system  failures  were  experienced  on  three  of  the  five 
test  missions  flown. 

The  navigation  system  accuracy  performance  was  based  on  error  limits 
contained  in  the  A-7D  Flight  Manual,  figure  1-92.  The  allowable  naviga- 
tion system  error  was  given  in  terms  of  both  expected  and  single  flight 
acceptable  performance  in  minutes  per  hour.  This  was  converted  to  radial 
error  in  nautical  miles  (NM)  using  an  average  latitude  of  35  degrees  for 
all  tests.  The  formula  for  conversion  was  as  follows: 


4Hf  2 

Radial  Error  (NM/hr)2  * Latitude  Error  (?ilL)|  + f^ngitude  Error  (min/hr) 

hr  cos  Latitude 


This  resulted  in  a 3.15  NM  per  hour  limit  for  expected  performance 
and  a /.9  NM  per  hour  limit  for  single  flight  acceptable  performance. 

The  results  of  the  high  altitude  evaluation  are  shown  in  figure  61 
and  the  accuracy  was  within  the  Flight  Manual  expected  performance  limit. 
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A low  level  test  was  attempted  the  following  day;  however,  an  inflight 
IMS  failure  precluded  acquisition  of  any  usable  data.  On  the  following 
low  altitude  navigation  test  (figure  61),  a faulty  Doppler  input  over 
Hector,  California,  resulted  in  an  error  limit  outside  the  Flight  Manual 
single  flight  acceptable  performance  requirement.  It  should  be  noted 
that  in  an  operational  environment  an  error  of  this  type  could  have  been 
rectified  by  performing  a present  position  update.  The  results  of  the 
last  two  low  altitude  tests  which  are  shown  in  figure  62  indicated 
that  system  performance  was  well  within  design  limits  for  Flight  Manual 
expected  performance.  From  the  results  of  these  navigation  evaluations, 
it  was  concluded  that  the  AIMS  modification  did  not  appear  to  degrade 
the  navigation  capability  of  the  aircraft  in  the  normal  ITIG  mode. 

H Mi-lip  Display  Accwacy 

The  electrical  signal  for  altitude  is  sent  from  the  ADC  through  the 
NWDC  to  the  HUD  (figure  2) . The  airspeed  signal  is  sent  directly  to  the 
HUD  from  the  ADC. 

The  HUD  indicated  airspeed  differed  from  the  cockpit  indicated  air- 
speed by  the  AV  correction  presented  in  table  III.  The  HUD  indicated 

altitude  differed  from  the  cockpit  RESET  altitude  by  the  corrections 
presented  in  table  III  and  differed  from  the  cockpit  STANDBY  altitude  by 
the  sum  of  the  corrections  presented  in  tables  III  and  VI.  By  virtue  of 
these  corrections,  the  HUD  indicated  airspeed  and  altitude  were  more 
accurate  than  the  standard  flight  instrument  indications. 

Table  VI 


HUD  ALTITUDE  CORRECTIONS 


Mic 

Altitude  Correction,  AH*  | 

Sea  Level 

10,000  ft 

20,000  ft 

30,000  ft 

40,000  ft 

0.685 

0 

0 

0 

0 

0 

0.700 

18 

12 

6 

0 

-18 

0.750 

78 

52 

26 

0 

-78 

0.800 

138 

92 

46 

0 

-138 

0.850 

198 

132 

66 

0 

-198 

0.900 

258 

172 

86 

0 

-258 

*The  HUD  altitude  correction  was  defined  by  the  expression 


30,000  - Hi 

AHH  - 400  ( lM6Q  — ) <Mic  - 0.685) 

for  Hir  < 30,000  ft  and  Mic  > 0.685 

and  by  the  expression 

30,000  - Hi 

»«H  * 1200  < 10,61)6  - > 'Mic  ' °'685) 

for  Hi  > 30,000  ft  and  M.  > 0.685 

and  by  the  expression 

AH..  * 0 for  M.  < 0.6  85 
H 1C  - 


HUD  accuracy  tests  were  performed  on  A-7D's  973,  944,  and  338.  The 
aircraft  were  flown  in  stabilized  level  flight,  and  the  HUD  and  cockpit 
instrument  airspeed  and  altitude  indications  were  recorded.  The  data 
were  reduced  by  the  techniques  described  in  reference  3 and  are  presented 
in  figure  63.  The  data  uncertainty  was  due  in  part  to  the  limited  resolu- 
tion of  the  HUD  indication.  HUD  altitude  could  be  read  accurately  to  only 
the  nearest  50  feet  and  HUD  airspeed  to  only  the  nearest  5 knots.  The  data 
obtained  from  the  HUD  accuracy  tests  indicated  thau  the  NWDC  corrections 
were  being  applied  correctly  and  that  the  residual  position  error  of  the 
HUD  indications  was  less  than  that  of  the  cockpit  indications. 

The  corrections  presented  in  table  VI  were  derived  from  the  RESET 
mode  data  from  A-7D  973  (figure  16) . These  corrections  should  be  modified 
co^®sP°n^  with  the  average  RESET  position  error  presented  in  figure 

The  following  information  should  be  inserted  in  the  Flight  Manual 
in  the  description  of  the  position  error,  page  Al-4  between  the  title 
and  the  first  paragraph.  (R  7) 

The  most  accurate  altitude  indication  is  the 
HUD  altitude;  RESET  altitude  on  the  AAU-19/A 
altimeter  is  second;  and  the  STANDBY  altitude 
of  the  AAU-19/A  altimeter  is  the  least  accurate. 

However,  the  HUD  altitude  is  difficult  to  read 
accurately  due  to  the  compressed  scale. 

Similarly,  the  HUD  indicated  airspeed  is 
more  accurate  than  the  indicated  airspeed  from 
the  AVU-8/A  airspeed -Mach  indicator.  The  fol- 
lowing paragraphs  describe  how  calibrated  air- 
speed, pressure  altitude,  and  true  Mach  number 
are  calculated. 


Ml*  CmmmmI  EvahutiM 

The  pullup  command  indication  for  ground  avoidance  displayed  on  the 
HUD  was  evaluated  to  determine  the  effects  of  the  revised  equations  in- 
corporated in  the  modified  software  tape  OFP  42H.  Dive  recovery  charts 
(figures  65  and  66)  were  furnished  by  the  contractor.  The  charts  depict 
the  designated  AGL  altitude  at  which  a pullup  command  indication  for  ground 
avoidance  should  appear  as  a function  of  aircraft  dive  angle  and  velocity, 
i he  ground  avoidance  routine  was  entered  by  not  designating  a target  while 
iv  ng  at  the  ground.  By  not  designating,  the  blast  avoidance  envelope 
of  the  pullup  command  signal  was  inhibited.  A similar  test  was  conducted 
during  the  A-7D  Category  II  program  (reference  7);  the  results  were  un- 
acceptable in  that  the  aircraft  would  have  recovered  above  ground  level 
on  only  4 of  12  passes. 

During  the  AIMS  evaluation,  16  passes  were  made  on  a ground  target 
in  the  normal  attack  barometric  altitude  ranging  mode.  The  target  elevation 
was  increased  by  2,000  feet  to  assure  a safe  escape  margin.  The  forward 
looking  radar  and  radar  altimeter  were  turned  off.  The  test  conditions 
consisted  of  aim  dive  angles  of  10,  15,  20,  30,  40,  and  50  degrees  at  true 
airspeeds  of  approximately  470  and  590  knots. 
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The  pilot  stabilized  the  aircraft  at  the  aim  test  conditions  while 
divinq  on  a ground  target.  As  the  anticipation  cue  began  to  move  up  the 
bomb  fall  line  ( BFL)  on  the  HUD,  the  pilot  transmitted  a one  kHz  side- 
tone.  When  the  pull  up  command  (break  "X")  appeared  on  the  HUD,  the  tone 
button  was  released  and  a 4g  pullup  in  2 seconds  was  initiated.  C-band 
radar  tracking  and  timing  data  provided  actual  aircraft  position  at  tone 
off  and  throughout  each  pass. 

The  results  of  analysis  are  shown  in  table  VII.  Based  on  this 
single  flight  evaluation,  the  results  were  considered  to  be  acceptable 
because  final  ground  clearance  was  always  positive  after  subtracting 
the  2,000  foot  safety  factor.  It  was  also  concluded  that  the  throttle 
effect  problem  discovered  during  performance  testing  did  not  adversely 
affect  the  aircraft  systems  capability  to  provide  acceptable  pullup 
command  indications  to  the  pilot  in  the  barometric  altitude  ranging  mode. 

Table  VI  ± 


PULLUP  COMMAND  EVALUATION 


Pass 

No. 

Aircraft  Conditions  at  Break  "X" 

Dive  Recovery 
Chart^  Condition  at 
Break  “X”  Altitude 3 
(ft  AGL) 

Dif  ference 
Between  Dive 
Recovery  Chart2 
and  Actual 
(ft) 

Lowest  Altitude 
During  Recovery 3 
(ft  AGL) 

Velocity 

(ft/sec) 

Dive  Angle 
(deq ) 

Altitude 
(ft  ACL) 

1 

860 

12 

3,000 

2,400 

600 

2,450 

2 

845 

14 

2,9  50 

2,790 

160 

2,450 

3l 

800 

20 

3,225 

2,930 

295 

3,050 

4l 

800 

20 

3, 300 

2,930 

370 

2,530 

5 

878 

28 

3,660 

3,800 

140 

2,410 

6* 

850 

35 

4,350 

4,400 

50 

2,450 

7 

873 

37 

4,840 

4,800 

40 

2,560 

8 

883 

45 

5,710 

5,800 

90 

2,760 

9 

853 

48 

6,100 

5,900 

200 

2,725 

10 

993 

12 

2,825 

2,610 

215 

2 , 17‘ 

11 

984 

13 

2,950 

2,630 

320 

2,406 

12 

1,045 

20 

3,550 

3,300 

250 

2,400 

13 

1,054 

30 

4,500 

4,500 

0 

2,675 

14 

1,026 

39 

5,950 

5,600 

350 

3,150 

i 15 

1,047 

45 

6,800 

6,700 

100 

3,250 

16 

998 

25 

3,910 

3,800 

110 

2,380 

No  digital  data,  analog  data  only. 

2 

Dive  rocovery  chart  curves  are  shown  in  figures  6-)  and  65. 
Includes  2,000-foot  safety  factor. 


Present  Positien  Wind  Accuracy 

A wind  velocity  and  direction  test  was  performed  to  determine  the 
effects  of  the  revised  computer  software  on  the  capability  of  the  NWDS 
to  compute  present  position  wind  speed  and  direction.  Wind  information 
was  read  directly  from  the  digital  data  display  windows  of  the  computer 
control  panel. 
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Comparisons  were  made  by  launching  a reflective  weather  balloon 
and  tracking  it  from  5,000  to  20,000  feet  MSL , recording  wind  data  every 
1,000  feet.  The  aircraft  was  then  flown  over  the  same  area  at  approxi- 
mately  the  same  time,  and  the  pilot  recorded  aircraft  system  derived 
wind  data  every  1,000  feet. 

A comparison  of  aircraft  and  tracking  data  indicated  an  average  wind 
speed  difference  of  4.5  knots  and  an  average  wind  direction  difference 
of  7 degrees.  The  results  of  this  single  flight  evaluation  were  accept- 
able. The  data  for  this  test  are  contained  in  table  VIII. 


Table  VIII 

WIND  VELOCITY  AMD  DIRECTION  TEST 


Ttrattls-Mratf  TrMSiMts 

It  was  discovered  during  the  test  program  that  large,  rapid  throttle 
movements  caused  a significant  change  in  the  altimeter  and  vertical  velocity 
indications.  This  effect  was  attributed  to  the  proximity  of  the  probes 
to  the  engine  inlet.  An  erroneous  and  transient  decrease  in  indicated 
altitude  and  vertical  velocity  was  observed  when  the  throttle  was  moved 
from  the  thrust  for  level  flight  (TLF)  setting  to  IDLE. 

Similarly,  an  erroneous  and  transient  increase  in  indicated  altitude 
and  vertical  velocity  was  observed  when  the  throttle  was  moved  from  IDLE 
to  military  rated  thrust  (MIL) . 

The  throttle-induced  indicated  altitude  transients  increased  in 
magnitude  with  indicated  Mach  number.  The  IDLE-to-MIL  altitude  transients 
were  as  great  as  450  feet  and  the  TLF-to-IDLE  altitude  transients  were  as 
great  as  -350  feet  (figure  66) . 

The  vertical  velocity  transients  are  also  shown  in  figure  66.  The 
altitude  and  vertical  velocity  transients  significantly  increased  the 
pilot  workload  during  instrument  flight.  In  addition  to  the  above 
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e^fn^KGn^S'  af-rsPeed  Ganges  (caused  by  either  throttle  movement  or 
speedbrake  actuation)  at  indicated  Mach  numbers  above  0.60  caused  the 
indicated  altitude  to  change  due  to  the  slope  of  the  portion  error  curve 

following6 NOTE  : (rV^^  Sh°Uld  * ™°dified  t0  include  the^ 


For  AIMS -modified  A-7D  aircraft,  large, 
rapid  throttle  movements  at  high  Mach 
numbers  may  cause  transient  changes  in 
the  altitude  and  vertical  velocity  indi- 
cations of  as  much  as  450  feet  and  3,500 
feet  per  minute,  respectively.  For  any 
airspeed  change  at  high  Mach  numbers, 
the  indicated  altitude  will  change  as 
airspeed  changes  due  to  the  slope  of  the 
position  error  curve. 

. . bafge'  5apid  throttle  movements  at  high  Mach  numbers  with  the  alti- 

air  era  ftd  with6  tht  the  T"?  e"ga*ed  caused  roller-coaster  morons  of  ^e 
aircraft  with  the  normal  load  factor  varying  from  0.5  g to  2 5 q with 

actual  change  in  altitude.  This  was  caused  by  the  pitch  amplifier  fn 

the  altitude  hold  circuitry  of  the  AFCS  trying  to  match  the^/aryinq 

siSnal1CaThiSef^1ChPreSSUre’  Signals  to  the  original  reference  altitude 
The  FliahJ  t.  wa®  notlceable  above  0.65  indicated  Mach  number, 

he  Flight  Manual  should  contain  the  following  NOTE:  (R 9) 


For  AIMS -modified  A-7D  aircraft,  large, 
rapid  throttle  movement  at  high  Mach 
numbers  with  the  altitude  hold  mode  of 
the  AFCS  engaged  may  cause  moderate 
pitch  oscillations  with  consequent 
variation  of  altitude  and  normal  load 
factor. 

Errars  Cams*  ly  Fanipi  Materials 

. th®  3 and  4 testing  on  A-7D  973,  a situation  occurred 

in  which  the  pitot  heat  was  activated  before  the  plastic  pitot-static 
probe  covers  were  renoved.  The  melted  plastic  deposited  Sn  the  probes 
thedolaftacSi9rl1JiCant  change  in  the  Position  error,  even  though  most  of 

L te  t rem°,Ved  Pri°r  t0  flight*  The  data  obtained  with 

fc  * bbe  probes  are  Presented  in  figure  67  and  compared  with 

as  120  fee??  ^ 12 * The  reSultant  a^itude  error  was  as  much 

following  a ground  leak -rate  check  on  the  pitot- 
, ^ * a Plece  of  plastic  tape  approximately  one  milli- 

meter square  was  left  on  the  right  probe  between  two  static  ports.  The 
daba  fh°?n  jn  figure  68  are  compared  with  fairings  from  figure  12.  The 
data  indicated  a resultant  altitude  error  as  large  as  580  feet. 


— — - --  w • 

The  preceding  examples  show  the  sensitivity  of  position  error  to 
the  presence  of  foreign  material  on  the  pitot-static  probes.  Scratches 
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layer  and  will  caus^Lgnif icant°errorsS  ( P°rt  nfS°  trip.the  boundary 
procedures  should  be  initiated  to  inauro  8 ' Qualifcy  control 

covers  are  reeved  LfoJe  pitot  heat  P^^'^^ic  probe 

materials  deposited  on  the  nrobea  ct  bo  insure  that  foreign 

before  flight  and  to  consi^r  ^f  f removed  with  a suitable  solvent 
(RIO)  ' consider  replacement  of  damaged  pitot-static  probes. 

r* 

the  ZToAllllnTt  K*KK-£2il2  in  the  «™«1  in 

on  page  1-210.  (R  11)  P * fc  Statlc  system  between  paragraphs  2 and  3 

Aircraft  modified  with  the  AIMS  pitot-static 
system  have  two  symmetrically  placed  pitot- 
static  probes  located  just  aft  of  the  FLR 
radome.  These  two  probes  supply  the  required 
impact  and  static  pressures  to  the  standard 
r light  instruments  and  to  the  ADC. 

NOTE 

The  pitot-static  probes  are  extremely 
sensitive  to  damage  and  deDosits  of 
foreign  materials  at  or  ahead  of  the 

' Sf“tches'  nicks,  burrs, 
and  deposits  on  the  probes  may  cause 
significant  errors  in  indicated  air- 
speed and  altitude. 

NK«  la|MtiM 

new  pitot-s  tat  inline ‘and^rji  in  “"?“Cted  °"  A‘7D  9'3  to  evaluate  the 
at  penetration  and  landing  pa t tern"IirsDecd?nh  h^a  If81  aircraft  flew 

taine^  green  "dye  °«  ^ILTetl  5£?“ 

iu^£:f25?00%PlietCp«1auSndan1tSde(Wb1'  ‘H’ 

ss  stm1 

^Sni*tTS.^?i^lt2'S£jLii”J  ””«“:r>“9hlJ  a"aPa«a™dur^gh“e 
2*dJiSi2*ifo^;*^Su2*sr  “astHhored  a“?inges“b^^t9j:!s“^„s 

pitot-static  system  Sflure  “""“iced  water  would  freere  and  cause  a 

S: 

s.'s;  s.'sjsr^.S 

and  subsequent  postflight  inspections  revealed Uo  °at tl  i^a^drai*0" 
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Tabic  IX 


A-7D  WATER  INGESTION  TEST  CONDITIONS 


Test 

Point 

Airspeed 

(KTAS) 

Pressure 

Altitude 

(ft) 

Aircraft  Separation 
Distance 
(ft) 

Time  in 
Cloud 
(min) 

Rainfall^ 
Intensity 
(in ./hr) 

1 

200 

10,000 

200 

5 

3.1  \ 

2 

200 

10,000 

200 

5 

3.1  ! 

3 

270 

10,000 

200 

5 

2.3 

4 

270 

10,000 

200 

5 

3.5 

1 


Rain 


intensity  versus  liquid  water  content 


(LWC) 


Rainfall  Condition 

Intensity 
(in. /hr) 

Diameter  of  Drop 
(microns) 

LWC 

(qm/m3) 

Clear 

— 

0.000 

Foq 

Trace 

0 .01 

0.006 

S Mist 

0.00198 

0.1 

0 .055 

Drizzle 

0 .0099 

0 .2 

0.0926 

Light  rain 

0 .003937 

0 .45 

0 .138 

Moderate  rain 

0 .1588 

i.o 

0 .277 

Heavy  rain 

0 .5940 

1 .5 

0.833 

Excessive  rain 

1.576 

2.1 

1.851 

Cloud  burst 

3.9370 

3.0 

5 .401 

Turbultnct  ami  Anglr «f  Attack  Rata  Effects 

The  AIMS  modification  caused  undesirable  pitot-static  system  char- 
acteristics in  turbulence  or  with  angle -of -attack  change  which  were  not 
present  with  the  pre-AIMS  production  pitot-static  system.  The  degraded 
performance  was  characterized  by  rapid,  erroneous  fluctuations  of  the 
airspeed  indicator,  altimeter,  and  vertical  velocity  indicator  (VVI)  . 
Changes  in  angle  of  attack,  caused  by  either  control  stick  inputs  or  air 
mass  turbulence,  resulted  in  transient  indications  on  all  three  instru- 
ments . 

Indications  caused  by  control  stick  inputs  were  slightly  different 
than  indications  caused  by  air  mass  turbulence.  The  altimeter  and  VVI 
were  most  affected  by  pilot  inputs,  with  little  movement  noted  on  the 
airspeed  indicator.  In  air  mass  turbulence,  however,  the  altimeter  was 
least  affected,  and  the  airspeed  indicator  and  VVI  showed  rapid  fluctua- 
tions . 


Altimeter  indications  following  pilot  pitch  inputs  were  in  the 
proper  direction,  i ,e . , an  increase  in  angle  of  attack  resulted  in  an 
increase  in  indicated  altitude.  Vertical  velocity  indication,  during 
the  same  maneuvers,  were  in  the  proper  direction  during  cruise  conditions, 
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but  showed  slight  reversals  (as  much  as  200  feet  per  minute)  during  approach 
conditions.  Vertical  velocity  indications  were  much  more  sensitive  to 
these  disturbances  since  the  instrument  sensed  pressure  rates.  All 
transients  increased  in  magnitude  as  indicated  Mach  number  and  angle  of 
attack  rate  increased.  The  transient  fluctuations  in  indicated  altitude 
and  vertical  velocity  gave  the  pilot  false  information  as  to  the  magnitude 
of  the  initial  aircraft  movement.  When  the  pilot  followed  these  initial 
indicated  rates,  he  tended  to  overcontrol  the  aircraft  in  pitch. 

Random  pressure  changes  caused  by  air  mass  turbulence  resulted  in 
rapid  fluctions  of  indicated  airspeed  and  vertical  velocity  whi^h  made 
both  instruments  very  difficult  to  use  during  instrument  flight.  Very 
light  air  mass  turbulence  encountered  during  precision  approaches  sig- 
nificantly increased  pilot  workload  required  to  maintain  accurate  glide 
path  control.  The  IMS-generated  vertical  velocity  indication  and  FPM 
as  displayed  on  the  HUD  were  much  more  accurate  and  reliable  during 
these  angle  of  attack  rate  transients  because  pressure  fluctuations/ 
pitot-static  system  lag  did  not  affect  these  displays. 

Possible  causes  of  the  undesirable  indications  included  improper 
static  port  design,  improper  probe  location,  and  insufficient  static 
system  volume.  Further  design  effort  and  testing  should  be  conducted 
to  ensure  that  the  AIMS  modification  does  not  degrade  the  pitot-static 
system  performance  from  that  of  the  pre-AIMS  pitot-static  system.  ( R 12) 

CONCLUSIONS  AND 
RECOMMENDATIONS 

A-70  AIRCRAFT  WITH  BOOM  REFUELING  RECEPTACLES 

The  AIMS  Levels  of  testing  (2,  3,  4,  and  5)  have  been  completed  for 
A-7D  aircraft  with  boom  receptacles  for  refueling.  The  AIMS  Level  2, 

Mode  C,  and  Level  4 criteria  were  met.  The  pitot-static  system  with  REC 
Model  856  W-l  and  2,  Revision  J probes  did  not  meet  the  Level  3 criterion. 
The  pitot-static  system  with  W-5  and  6 probes  met  the  Level  3 criterion, 
although  the  Level  3 criterion  was  not  met  in  the  transonic  flight  regime. 
Level  5 deficiencies  of  the  pitot-static  system  were  discovered  during 
rapid  descent,  throttle  transients,  angle-of-attack  changes,  and  flight  in 
air  mass  turbulence.  The  following  conclusions  and  recommendations  apply 
to  the  AIMS  modii  cation  with  W-5  and  6 probes. 

The  STANDBY  position  error  at  power  approach  airspeeds  did  not 
change  significantly  and  the  Flight  Manual  landing  speed  chart  need  not 
be  changed  for  AIMS-modified  A-70  aircraft. 

Store  loading  effects  were  not  evident  for  the  forward  probe  location. 
The  effect  of  extending  the  ram  air  turbine  was  insignificant.  The  effect 
of  sideslip  with  up  to  50  percent  rudder  was  insignificant  and  the  effect 
of  sideslip  with  full  rudder  was  acceptable. 

The  NWDS  performance  on  the  productive  navigation  accuracy  missions 
was  generally  within  the  acceptable  Flight  Manual  error  limits  for  navi- 
gation accuracy  and  was  not  degraded  by  the  AIMS  modification.  The  wind 
velocity  and  direction  results  were  acceptable . The  results  of  the  pullup 
command  evaluation  were  also  acceptable. 
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The  redesigned  pitot-static  drainage  system  operated  satisfactorily 
and  no  moisture-associated  pitot-static  system  or  ADC  problems  occurred 
during  the  rain  tests  or  subsequent  missions. 

The  barocounters  on  the  AAU-19/A  altimeter  must  be  set  to  29.92 
inches  Hg  for  correlation  between  the  RESET  altitude  and  the  transmitted 
Mode  C altitude. 

1 .  The  following  NOTE  should  replace  the  NOTE  on  page  1-157  of  the 
Flight  Manual  (page  4 ): 


NOTE 

Altitude  reported  to  the  ground  station 
will  be  the  same  as  the  altitude  indicated 
on  the  cockpit-mounted  (barometric)  altimeter 
with  29.92  inches  11  g set  on  the  barocounters 
on  aircraft  equipped  with  an  AAU-19/A  altimeter 
and  RESET  position  selected. 


The  STANDBY  and  RESET  position  error  for  the  cruise  configuration 
of  the  test  aircraft  differed  significantly  from  that  of  the  existing 
production  pitot-static  system  due  to  the  AIMS  modification. 

2.  Figures  36  through  39  of  this  report  should  be  inserted  in  the  Flight 
Manual  for  use  with  AIMS-mod i f i ed  A-7D  aircraft.  These  figures  should 
replace  figure  Al-5  (sheets  1,  2,  4,  and  5)  (page  7 ). 

The  position  error  for  the  RESET  mode  with  gear  down  and  full  flaps 
differed  significantly  from  that  of  the  existing  production  pitot-static 
system . 

3.  Figure  42  of  this  report  should  be  inserted  in  the  Flight  Manual 
for  use  with  AIMS-mo di f i ed  A-7D  aircraft.  It  should  replace  figure 
Al-5  (sheet  3)  (page  8 ). 

The  position  error  in  ground  effect  for  the  AIMS  modification  may 
differ  from  that  of  the  existing  production  system. 

4.  The  in-gro und -e f f ec t position  error  data  for  the  AIMS  modification 
and  the  existing  production  system  should  be  compared  to  determine 
if  the  Flight  Manual  takeoff,  refusal,  and  acceleration  check  speeds 
have  changed  for  AIMS-tnodif led  aircraft  (page  9 ). 

The  lag  data  exhibited  both  Mach  number  and  throttle  setting  effects. 
The  effects  of  Mach  number  and  throttle  setting  on  lag  were  attributed  to 
the  proximity  of  the  probes  to  the  engine  inlet.  The  variation  of  lag 
with  Mach  number  and  throttle  setting  did  not  significantly  affect  the  baro- 
metric bombing  accuracy  of  the  aircraft  for  the  three  stabilized  power 
settings  flown.  The  altitude  lag  was  insignificant  at  any  throttle  setting 
with  indicated  Mach  numbers  less  than  0.75. 
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5.  The  following  NOTE  should  be  inserted  in  the  Flight  Manual  (page  u): 


NOTE 

AAU-19/A  SERVO  (RESET)  MODE 

With  MIL  thrust,  h'gh  rate  of  descent,  and 
and  indicated  Mach  number  greater  than  0.80, 
the  Indicated  altitude  may  read  as  much  as 
300  feet  higher  than  the  actual  aircraft  al- 
titude. For  the  same  conditions,  with  IDLE 
thrust,  the  indicated  altitude  may  read  as 
much  as  500  feet  lower  than  the  actual  air- 
craft altitude. 


The  ADC  cam  corrections  and  the  NWDC  tape  corrections  produce  hud 

a?d  alt^ude  indioations  that  are  more  accurate  than  the  standard 
flight  instrument  indications.  The  equations  presented  in  table  VI  used 
by  the  NWDC  were  derived  from  the  RESET  data  obtained  on  A-7D  973 


6‘  Il!LrrreCtl0n9  should  be  modified  to  correspond  with  the  average 
RESET  position  error  fairings  presented  in  figure  37  of  this  report 
( page  16 ) . r 
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The  following  information  should  be  inserted  in  the  Flight  Manual 
in  the  description  of  the  position  error,  page  Al-4  between  the 
title  and  the  first  paragraph  (page  16): 


The  most  accurate  altitude  indication  is  the 
HUD  altitude;  RESET  altitude  on  the  AAU-19/A 
altimeter  is  second;  and  the  STANDBY  altitude 
of  the  AAU-19/A  altimeter  is  the  least  accurate. 
However,  the  HUD  altitude  is  difficult  to  read 
accurately,  due  to  the  compressed  scale. 

Similarly,  the  HUD  indicated  airspeed  is  more 
accurate  than  the  indicated  airspeed  from  the 
AVU-8/A  airspeed-Mach  indicator.  The  follow- 
ing paragraphs  describe  how  calibrated  airspeed, 
pressure  altitude,  and  true  Mach  number  are 
calculated  . 


. , L®r9e»  rapid  throttle  movements  caused  transient  changes  in  the 
altitude  and  vertical  velocity  indications.  The  transients  increased 
pilot  workload  during  instrument  flight. 
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8.  The  following  NOTE  should  be  inserted  in  the  Flight  Manual  (page  19): 


NOTE 

For  A IM  S-mod i f i ed  A-7D  aircraft,  large, 
rapid  throttle  movements  at  high  Mach 
numbers  may  cause  transient  changes  in  the 
altitude  and  vertical  velocity  indications 
of  as  much  as  450  feet  and  3,500  feet  per 
minute,  respectively.  For  any  airspeed 
change  at  high  Mach  numbers,  the  indicated 
altitude  will  change  as  airspeed  changes 
due  to  the  slope  of  the  position  error 
curve  . 


AFCS 


Large, rapid  throttle  movements  with  the  altitude  hold 
engaged  caused  moderate  pitch  oscillations. 


mode  of  the 


9.  The  following  NOTE  should  be  inserted  in  the  Flight  Manual  (page  19): 


NOTE  # 

For  AIMS  modified  A- 7D  aircraft,  large,  rapid 
throttle  movements  at  high  Mach  numbers,  with 
the  altitude  hold  mode  of  the  AFCS  engaged  may 
cause  moderate  pitch  oscillations  with  consequent 
variation  of  altitude  and  normal  load  factor. 


Deposits  of  foreign  materials  on  the  probes  or  probe  damage, 
scratches  and  cracks,  may  seriously  degrade  the  altitude  reporting 
racy  of  the  pitot-static  system.  y 


i .e . , 
accu- 


10.  Quality  control  procedures  should  be  initiated  to  insure  that  the 
pitot-static  probe  covers  are  removed  before  pitot  heat  is  activated 
that  foreign  materials  deposited  on  the  pitot-static  probes  are  re- 
moved with  a suitable  solvent  before  flight,  and  to  consider  replace- 
ment of  damaged  p i tt>  t- s t a t i c probes  (page  20)  • 

11.  The  following  paragraph  should  be  inserted  In  the  Flight  Manual  in 
tie  description  of  the  pitot-static  system,  between  paragraphs  2 
and  3 on  page  1-210  (page  20): 


Aircraft  modified  with  the  AIMS  pitot-static 
system  have  two  symmetrically  placed  pitot- 
static  probes  located  just  aft  of  the  FL R 
rndome.  These  two  probes  supply  the  required 
Impact  and  static  pressures  to  the  standard 
flight  instruments  and  to  the  ADC. 
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NOTE 

The  pitot-static  probes  are  extremely 
sensitive  to  damage,  and  deposits  of 
foreign  materials  at  or  ahead  of  the 
static  ports.  Scratches,  nicks,  burrs,, 
and  deposits  on  the  probes  may  cause 
significant  errors  in  the  indicated  air- 
speed and  altitude. 

Angle  of  attack  changes,  resulting  from  air  mass  turbulence  or 
pilot  pitch  inputs,  caused  erroneous  fluctuations  of  the  airspeed  indi- 
cator, altimeter,  and  vertical  velocity  indicator  with  the  AIMS  pitot- 
static  system  which  were  not  present  for  the  pre-AIMS  production  system. 

12.  Further  design  and  testing  should  be  conducted  to  ensure  that  the 
AIMS  modification  does  not  degrade  the  pitot-static  system  performance 
from  that  of  the  pre-AIMS  system  (page  22)  . 

A -10  AND  A-1E  AIRCRAFT  WITH  AIR  REFUELING  PROIES 

The  AIMS  Levels  3 and  4 testing  for  A-7D  aircraft  with  the  air  re- 
fueling probe  was  conducted  at  NATC  with  an  A-7E  aircraft  (aerodynamically 
identical)  and  have  been  completed. 

Analysis  of  the  NATC  data  indicates  that  a pitot-static  system,  for 
A-7D  aircraft  equipped  with  the  air  refueling  probe,  comprised  of  REC  Model 
856  W-l , Revision  J and  W-4 , Revision  A probes  with  the  W-5  and  6 ADC  cam 
correction  would  not  meet  the  AIMS  Level  3 criterion  in  the  subsonic  flight 
regime . 

Analysis  of  the  NATC  data  indicates  that  a pitot-static  system,  for 
A-7D  aircraft  equipped  with  an  air  refueling  probe  comprised  of  REC  Model 
856  W-l,  Revision  J and  W-4,  Revision  A probes  with  the  ADC  cam  correction 
designed  for  the  30,000-foot  Revision  J data  did  not  meet  the  AIMS  Level  3 
criterion  in  the  subsonic  flight  regime. 

13.  A test  program  should  be  initiated  to  develop  a modified  W-6  probe 

to  compensate  for  the  air  refueling  probe,  so  that  a system  comprised 
of  W-5  and  modified  W-6  probes,  with  W-5  and  6 ADC  cams,  would  meet 
all  AIMS  criteria  for  A-7D  aircraft  with  the  air  refueling  probe. 

(page  9) , 
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DATA  PLOTS 

AND  ILLUSTRATIONS 
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Figure  53  Weapon  Delivery  Backup  Modes  Flew  Diagram 
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TARGET  POSITION  COMPUTATION 


FUNDAMENTAL  QUANTITIES  RELATED  TO  TARGET  POSITION 

Using  two  inputs  from  valid  sensor  date,  the  NAV  WD  Computer  derives 
the  remaining  two  fundamental  quantities  for  use  in  solving  the  weapon 
delivery  problem;  ia..  the  ranging  triangle.  Methods  for  ranging  solution, 
modes,  and  phase  of  attack  in  which  they  are  used  are  as  follows. 
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NAV  BOMB  (with  slew) 
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VHOC/TY  COMPUTATION 


The  velocity  vector  (V)  of  the  aircraft  represents  the  actual 
speed  and  direction  of  motion  of  the  aircraft,  relative  to  the 
surface  of  the  earth.  It  is  composed  of  a horizontal  component 
which  is  true  course/speed  (ground  track  velocity,  Vq)  and  a 
vertical  component  which  is  vertical  velocity  (Vy). 


The  ground  track  velocity  (Vq)  consists  of  north  velocity 
(VN)  and  east  velocity  (Vg). 


The  NAV  WD  Computet  calculates  these  components  of 
velocity  using  the  valid  data  inputs  of  highest  precedence 
available. 


VELOCITY  INPUT  ORDER  OF  PRECEDENCE 
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Figure  55  Velocity  Computation 


81 


Fiprt  56  WupM  Dtlivvy  Prtlil* 


E7 AMPLE 

Technique  for  correcting  bomb  scores 
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APPENDIX 

ERROR  ANALYSIS  AND  FLIGHT  LOG 


ERROR  ANALYSIS 


The  DOD  AIMS  Level  3 criterion  for  altitude  reporting  systems  requires 
that  the  cockpit  altitude  indication  be  within  250  feet  of  the  correct 
pressure  altitude  (reference  2) . This  means  that  the  absolute  value  of 
the  sum  of  residual  position  error  in  the  RESET  mode,  AH  plus  the  total  ran- 
dom system  error,  6HSyg,  must  be  less  than  250  feet.  The  Level  3 criterion 
may  be  defined  by  the  following  expression: 


AH  + 6H 


sys 


250  feet 


In  AIMS  reports  on  previously  tested  aircraft,  the  AIMS  modification 
was  considered  to  be  acceptable  if  the  residual  (RESET)  position  error 
was  less  th<un  +125  feet.  An  implied  allowance  of  +125  feet  was  made  for 
random  system  errors. 


The  results  of  the  AIMS  Level  1 testing  indicated  that  position  error 
variation  between  sea  level  and  40,000  feet  would  probably  exceed  +150 
feet  for  the  best  probe  developed  (reference  1)  . The  error  analysfs  was 
made  for  the  AIMS-modif ied  A-7D  aircraft  to  determine  the  total  random 
system  error,  and  in  turn,  determine  the  allowable  position  error  in  the 
RESET  mode  which  would  satisfy  the  Level  3 criterion. 

The  error  analysis  determined  total  random  system  error  by  the  root- 
sum-square  method.  That  is,  the  total  random  system  error  was  equal  to 
the  square  root  of  the  sum  of  the  squares  of  the  individual  component  devia- 
tions from  the  mean  of  a normal  distribution.  The  root-sum-square  technique 
yields  a total  random  system  error  which  represents  a three- sigma  deviation 
from  the  mean  of  the  A-7D  fleet  (99.7  percent  of  the  fleet  would  fall  within 
a three-sigma  deviation) . The  approach  used  in  the  error  analysis  was 
to  determine  the  errors  associated  with  pitot-static  system  calibration, 
the  ADC,  and  the  AAU-19/A  altimeter. 


Omall  Paaltlaa  Errar  Uacartaiaty 

The  overall  position  error  uncertainty  (6Hpc)  of  pitot-static  system 
calibration  error  is  given  by  the  following  expression: 


6H‘ 


pc 


AH2  . + AH2.  + AH2 
cal  a/c  p 


where 

AH 

AH 


AH 


a/c  = position  error  variation  between  different  test  aircraft 
caused  by  minor  variations  in  the  probe,  installation, 
aircraft  external  geometry  and,  for  the  A-7D,  engine  air- 
flow (ft) 

r,i  = position  error  variation  due  to  pacer  and  tower  fly-by 
ai  techniques  (ft) 

* position  error  variation  due  to  pitot-static  probe  design 
and  manufacturing  (ft) 


i 

I 
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ss 


The  variation  of 


AH 


V mu  Jcal ' AHP'  and  fiHa/c  with  altitude  is  shown  in 

table  x.  The  variation  of  4Hcal  is  attributed  to  paoer  and  tower  fly-by 
calibration  techniques  (reference  91  = ^ , 

normally  expressed  in  terms  of  position  error  pressu^c'emSe^^/e  . 

cic 


VARIATION  OF  AH 

cal. 


Table  x 

AHp  AND  AHa^,c  WITH  ALTITUDE 


Pressure 

Altitude 

(ft) 

AHcal 

(ft) 

AH 

P 

(ft) 

AH  . 'i 
a/c 

(ft) 

2,300 

+26 

(Tower  fly-by) 

+ 25.0 

+85 

10,000 

+ 36 

(Pace) 

+ 25.0 

+70 

20 ,000 

+46 

(Pace) 

+ 25.0 

+50 

30,000 

+6.5 

(Pace) 

+25.0 

+25 

40,000 

+95 

(Pace) 

+25.0 

0 

The  value  °f  ah  presented  represents  the  worst  error  expected  for  anv 

cJaJt  V ,s°n,.^  tTahe  Vari^l0n  °f  P°Sltlon  <>tro?Pamong  A-7D  air- 
' a/c  ' s Presented  in  table  X,  was  estimated  from  the  fairings 

of  AHpc  on  figures  12,  18,  24,  and  30.  Due  to  the  slope  of  the  AH 

bution^n^AH  at  1"2iCated  numbers  below  0.80.  The  possible  contri- 
butions of  AHcal,  AH„,  and  altimpfnr  maiihwafi a . . . °ntri 


AH  3 „ n *,.■  " , 7, HussiDie  contri- 

Hp,  and  altimeter  calibration  were  considered  in  esti- 


. „ . . v wBaawiutiuu  were  consiaerec 

mating  the  values  of  AHa/c  presented  in  table  X.  The  effect  of 

A (4  10  O K /M.m  4 m X.  _ l—  1 _ it* 


6Hpc  is  shown  in  table  XI. 


AH 


'a/c 


on 


Table  XI 

OVERALL  POSITION  ERROR  UNCERTAINTY,  6H 
______  Pc 


Pressure 

Altitude 



«H 

pc 

(ft) 

AH  . = 0 

With  A-7D  AH1, 
a/c 

2,300 

+ 36.1 

+ 82.3 

10,000 

+ 43.8 

+ 81.2 

20,000 

+52.3 

+ 72.5 

30,000 

+69.6 

+74.0 

40,000 

+98.2 

+98.2 

The  values  of  AHfl/c  used  in  computing  these 
values  of  6Hgyg  were  taken  from  table  X. 
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Air  Data  Caaipatar  Daaip  Ttlaraact 

The  ADC  design  tolerance  ( 6 HADC ) is  defined  by: 


SHL)C 

« AH2 
T 

where 

a«t 

= ADC 

AHvib 

* ADC 

AHcam 

= ADC 
< 

K2.. 

vib 


*2 

cam 


The  variance  of  AH«p  is  shown  in  table  XII , and  AHv^b  is  shown  in  table 
XIII  (reference  10).  ".he  maximum  cam  positioning  error  tolerance  (AH_am) 
is  +50  feet  (reference  10).  Combining  AHT,  AHvib,  and  AH  yields  the 
values  for  <$HADC  shown  in  table  XIV. 


Table  XII 

ADC  TEMPERATURE  DESIGN  TOLERANCE,  AH„ 


Pressure 

Altitude 

(ft) 

Operating  Environmental 
Temperature 

‘«T  . 

(ft) 

-54  deg  C 

10  to  50  deq  C 

2,300 

+46.9 

+25.0 

10,000 

+70.0 

+25.0 

20,000 

+100.0 

+50.0 

30,000 

+130.0 

+75.0 

40,000 

+160.0 

+100.0 

Table  XIII 
ADC  VIBRATION  DESIGN  TOLERANCE,  AH 


vib 


Pressure 
Altitude 
! (ft) 

Operating  Environmental 

Temperature  i 

AH  ..  S 

vib 

(ft) 

-54  deg 

C 

10  to  50  deg  C 

2,300 

+23.5 

+12.5 

10,000 

+ 35.0 

+ 12.5 

20,000 

+ 50.0 

+25.0 

30,000 

+ 65.0 

+37.5 

! 40,000 

+ 80.0 

+50.0 

Table  XIV 
ADC  DESIGN  TOLERANCE,  4H 


ADC 


Pressure 

Altitude 

(ft) 


2,300 

10,000 

20,000 

30.000 

40.000 


Operating  Environmental 
Temperature 


shadc 

-U£2_ 


-54  deg  C 


+72.5 

---  " 

+92. B 
+122.5 
+153.7 
+185.6 


+57.3 


+57.3 
+75 . 0 
♦97.6 
+122.5 


Tctal  RmImi  Systam  Eirar 


The  total  random  system  error,  6H  , is  defined  by: 

sys 

fHsys  ' 4Hcal  + 4Hp  + 4Ha/o  + SHJ  + al&b  + aHcam  + 6H 


■ + 6HADC  * 4Halt 


2 

alt 


where 

' 6Hait  = AAU-19/A  altimeter  design  tolerance  in  the  RESET  mode. 

A value  of  +30  feet  was  used  for  6Halt  (reference  11).  The  total  random 

system  error  as  a function  of  altitude  and  ADC  operating  environment 
temperature  is  shown  in  table  XV.  vrronment 


Table  XV 


TOTAL  A-7D  RANDOM  SYSTEM  ERROR,  6H 
' sys 


Pressure 

Altitude 

(ft) 

6H  ""  " 

sys  w 1 

(ft) 

AH 

a/c  * 0 

A-7D 

-54  deg  C 

10  to  50  deg  C 

-54  deg  C 

10  to  50  deg  C 

2,300 

+86.3 

+74.1 

+121.1 

+112.7 

10,000 

+107.3 

+ 78.1 

+127.0 

+103.8 

20,000 

+136.5 

+96 . 2 

+145. 4‘ 

+108.5  | 

30,000 

+171.4 

+123.6 

+173.2 

+126.5 

| 40,000 

1 . 

+212.2 

+159.8 

+212.2 

+159.8 

fron/table  f AVc  USed  in  comPuting  these  values  of  6Hsys  were  taken 


AHssufelfl  PtsitiM  Eirv  is  RM«t 


As  stated  earlier , the  Level  3 criterion  for  all  aircraft  requires 
that  the  absolute  value  of  AH  + 6Hsys  be  less  than  250  feet.  The  maximum 

, i?Wfble  values  of  residual  position  error  correction  in  the  RESET  mode 
(AH)  for  the  A-7D  range  from  +90.2  feet  at  40,000  feet  altitude  to  +176  5 
feet  at  sea  level  when  AHa/c  Is  zero  and  the  ADC  is  operating  in  the  mid- 
temperature range  (figure  7,  case  1). 


Above  5,000  feet,  it  is  probable  that  the  operating  environmental 
temperature  of  the  ADC  would  fall  between  10  degrees  and  -54  degrees  C 
thlS  case,  and  using  the  estimated  variation  of  position  error  among 
A-7D  aircraft,  the  allowable  residual  position  error  is  +133,5  feet  at 
o?3  layel  and  ±57.5  feet  at  40,000  feet  pressure  altitude  (figure  7,  case 

IL  J^el  3°requIrement.U8ed  “ evalu*te  **>«  A'7D  *-IMS  »dification  against 
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FLIGHT  LOG 


Flight 


Date 

Fliqht1 

Time 

(hr) 

2 

Loading 

Probes 

Test 

23  Feb  72 

001 

1.5 

i 

Rev  J 

Airspeed  calibration 

3 Mar  72 

002 

2.2 

i 

Rev  J 

Tower  fly-by  and  airspeed  calibration 

9 Mar  72 

003 

1.7 

i 

Rev  J 

Airspeed  calibration 

9 Mar  72 

004 

1.3 

i 

Rev  J 

Tower  fly-by 

13  Mar  72 

005 

1.8 

5 

Rev  J 

Tower  fly-by  and  airspeed  calibration 

13  Mar  72 

006 

1.3 

5 

Rev  J 

Airspeed  calibration 

11  Feb  72 

101 

2.3 

1 

Rev  J 

Tower  fly-by  and  airspeed  calibration 

11  Feb  72 

102 

2.1 

1 

Rev  J 

Tower  fly-by  and  airspeed  calibration 

14  Feb  72 

103 

1.8 

1 

Rev  J 

Airspeed  calibration 

26  Feb  72 

104 

2.0 

1 

Rev  J 

Water  spray  tests 

28  Feb  72 

105 

2.0 

1 

Rev  J 

Tower  fly-by  and  airspeed  calibration 

29  Feb  72 

106 

1.6 

1 

Rev  J 

Airspeed  calibration 

16  Mar  72 

107 

2.0 

1 

W-546 

Tower  fly-by 

17  Mar  72 

108 

2.2 

1 

W-546 

Tower  fly-by  and  airspeed  calibration 

20  Mar  72 

109 

1.3 

1 

W-546 

Airspeed  calibration 

16  liar  72 

110 

2.0 

1 

W-5S6 

Tower  fly-by 

16  May  72 

111 

2.2 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

17  May  72 

112 

1.7 

1 

W-56  6 

Lag  and  sideslip  investigation 

17  May  72 

113 

1.8 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

18  May  72 

114 

1.7 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

22  May  72 

115 

1.7 

1 

W-546 

Lag,  sideslip  investigation,  airspeed 

calibration 

23  May  72 

116 

1.9 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

23  May  72 

117 

1.8 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

31  May  72 

118 

1.4 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

2 Jun  72 

119 

1.7 

1 

W—  5 4a  6 

Lag  investigation 

6 Jun  72 

120 

0.7 

1 

W-546 

Lag  investigation 

9 Jun  72 

121 

1.7 

1 

W-546 

Lag  investigation  and  airspeed  calibration 

27  Jun  72 

122 

2.2 

1 

W-546 

Tower  fly-by 

12  Jul  72 

123 

1.7 

1 

W-546 

Simulated  weapon  delivery 

13  Jul  72 

124 

1.1 

3 

W-546 

Weapon  delivery 

13  Jul  72 

125 

1.3 

3 

W-546 

Weapon  delivery 

14  Jul  72 

126 

1.3 

3 

W-546 

Weapon  delivery 

14  Jul  72 

127 

1.8 

3 

W-546 

Weapon  delivery 

17  Jul  72 

128 

1.7 

1 

W-546 

Lag  investigation 

17  Jul  72 

129 

1.7 

3 

W-546 

Weapon  delivery 

18  Jul  7.2 

130 

1.4 

3 

W-546 

Weapon  delivery 

18  Jul  72 

131 

2.6 

2 

W-546 

Navigation  accuracy 

19  Jul  72 

132 

2.2 

2 

W-546 

Navigation  accuracy 

24  Jul  72 

133 

1.4 

3 

W-546 

Weapon  delivery 

24  Jul  72 

134 

1.1 

3 

W-546 

Weapon  delivery 

25  Jul  72 

135 

1.1 

3 

W-546 

Weapon  delivery 

27  Jul  72 

136 

0.3 

3 

W-546 

Weapon  delivery 

1 Aug  72 

137 

1.0 

1 

W-546 

Lag  investigation 

1 Aug  72 

138 

1.3 

3 

W-546 

Weapon  delivery 

2 Aug  72 

139 

1.3 

3 

W-546 

Weapon  delivery 

3 Aug  72 

140 

1.0 

3 

W-546 

Weapon  delivery 

3 Aug  72 

141 

1.0 

3 

W-546 

Weapon  delivery 

7 Aug  72 

142 

1.0 

3 

W-546 

Weapon  delivery  and  HUD  accuracy 

7 Aug  72 

143 

1.0 

3 

W-546 

Weapon  delivery 

FLIGHT  LOG  (Continued) 


Flight 

Time 

(hr) 


Loading 


1 Sep  72 
21  Sep  72 
21  Sep  72 
25  Sep  72 
27  Sep  72 

20  Feb  72 
3 Jul  72 
3 Jul  72 
6 Jul  72 

16  Aug  72 
18  Aug  72 

21  Aug  72 

21  Aug  72 

22  Aug  72 

23  Aug  72 
29  Aug  72 
29  Aug  72 

3 Oct  72 

3 Oct  72 

4 Oct  72 

4 Oct  72 

5 Oct  72 

6 Oct  72 
6 Oct  72 

10  Oct  72 
12  Oct  72 

11  Dec  72 

11  Dec  72 

12  Dec  72 
15  Dec  72 
18  Dec  72 

18  Dec  72 

19  Dec  72 
19  Dec  7? 

11  Jan  73 
31  Jan  73 

2 Feb  73 
2 Feb  73 

12  Feb  73 
5 Mar  73 


7 Feb  73  4U1  1.9  1 W-546  Tower  fly-by 

13  Feb  73  402  2.0  1 W-5&6  Airspeed  calibration,  throttle  transients 

1fHgh5  numbers  correspond  with  the  aircraft  tested:  001  through  006  with  A-7D  584 

1<9  With  A_7D  973  ' 201  through  220  with  A-7D  944,  301  through  314  with’ 

A-7D  338,  and  401  and  402  with  A-7D  351. 

loadings  are  described  in  table  I. 

Total  91  flights  144.5  hrs 


Wind  direction  and  HUD  accuracy 
Weapon  delivery 
Weapon  delivery 

Pullup  command  mission 
Navigation  accuracy 

Airspeed  calibration,  throttle  transients 

Tower  fly-by  and  airspeed  calibration 

Airspeed  calibration 

Tower  fly-by,  throttle  transients 

Tower  fly-by  and  airspeed  calibration 

Tower  fly-by 

Weapon  delivery 

Tower  fly-by  and  HUD  accuracy 

Tower  fly-by  and  HUD  accuracy 

Tower  fly-by 

Tower  fly-by 

Airspeed  calibration 

Weapon  delivery 

Weapon  delivery 

Weapon  delivery 

Weapon  delivery 

Weapon  delivery 

Weapon  delivery 

Weapon  delivery 

HUD  accuracy 

Navigation  accuracy 

Tower  fly-by,  throttle  transients 

Airspeed  calibration,  AFCS  test 

Tower  fly-by  and  airspeed  calibration 

Navigation  accuracy 

Tower  fly-by 

Airspeed  calibration,  throttle  transients 
Tower  fly-by  and  airspeed  calibration 
Airspeed  calibration,  throttle  transients 
Pitch  rate  transients  turbulence  test 
Airspeed  calibration,  throttle  transients 
Tower  fly-by,  throttle  transients 
Airspeed  calibration 
Airspeed  calibration 

Head-up  display,  takeoff  tests,  Mode  c 
checks 


13  Feb  73 


-«  *-  \t.  ||.  ^ t i * 


I 


RIFERBNCIS 


1 • j^rspeed  Calibration  and  Development  of  the  AIMS  Pitot-Static  System 
on  the  A-7D  Airplane,  Technical  Letter  Report.  Air  Fnrpp'FHgU 
Center,  Edwards  AFB , California,  August  1971. 

2*  POD  AIMS  Preflight  and  Flight  Test  Procedures  (Air  Force),  DOD  AIMS 
Document  No.  153,  15  February  19  71.  “ — ~~ 

3*  flight  Manual,  USAF  A-7D  Aircraft,  T.O.  1A-7D-1,  15  November  1971, 
Change  6,  November  1 $72. 

4.  Jackson,  Samuel  G.,  et  al . , A-7D  Category  II  Mission  and  Traffic 
Control  Avionics  Evaluation,  FTC-TR-70-25 , Air  Force  Flight  Test 
Center,  Edwards  AFB,  California,  November  1970. 

5 . DeAnda , Albert  G. , AFFTC  Standard  Airspeed  Calibration  Procedures , 
FTC-TJK-68-1001,  Air  Force  Flight  Test  Center,  Edwards  AFB,  California. 
April  1968. 

6.  Telephone  Conversation  with  Mr.  Richard  DeLeo,  Rosemount  Engineering 
Company,  Minneapolis,  Minnesota,  25  February  1972. 

7.  Jackson,  Samuel  G.,  et  al . , A-7D  Cateqory  II  Follow-On  Weapons  Deliverv 

and-Gunnery  Evaluation,  FTC-TR^7l-I§,  Air  Force  Flight  Test  Center; ** 

Edwards  AFB,  California,  May  1971. 

8.  Rider,  James  G.,  Major  USAF,  and  Edwards,  Lloyd  A.,  Captain  USAF, 

"Your  New  AIMS  Telemetry  System"  in  Aerospace  Safety,  November  1972. 

9.  Plews , Larry  D.,  Preliminary  Results  of  Pacer  Accuracy  Study,  Flight 
Research  Branch  Office  Memo,  Air  Force  Flight  Test  Center,  Edwards 
AFB,  California,  June  1969. 

10.  Meness,  C.T.,  Procurement  Specification  for  Air  Data  Computer  System 
for  A-7D/E  Airplanes,  Vought  Aeronautical  Division  r t.tv 
Corporation,  Dallas,  Texas,  November  1969. 

11.  Contract  Specification  for  the  AAU-19/A  Altimeter,  DOD  AIMS  64-101D, 
undated. 


Y 


I 


UNCLASSIFIED 


Security  Cl«»»ific»tion 


a 


'A 


( r\ 


DOCUMENT  CONTROL  DATA  RAD 

(Security  c testification  of  titie,  body  of  abstract  and  indexing  annotation  mu  at  be  entered  when  the  ovoraji  rep^Ja_ct^9Hitfod^_ 


\ ORIGINATING  activity  (Corporate  author) 

Air  Force  Flight  Test  Center 
Edwards  AFB , California 


Ta».  ME  MOM  T (ECU  Ml  TV  C L A »»l  » I C A T ION 

UNCLASSIFIED 


ib.  GROUP 


N/A 


««»°V  UTLM 


A-7D  Pitot-Static  System  Calibration  and  AIMS  System  Tests. 


L<  '“*■  miM  r>°«  

[Final  J3  J 


7m.  total  no  or  pagii 
101 


J[NaI.  I mat  nabsaj 


Jack  H ,/warkwardt  yAfgupriiin  ; i>o#iP" 

Samuel  G. /Jackson 
Kauri  M.^Jones,a 


lb.  NO  OR  RIM 
11 


A FFTC-TR-73-18  j 


71 -1IFST  other  REPORT  NOISI  (Any  other  numbara  that  may  bo  asalgnad 

N/A 


to  onTMiBUTioN  statement  d i sl^  lEtHSon^^Tni  t e d to  U.S.  Government  agencies  only 


(Test  and  Evaluation)  , April  197J/  Other  requests  for  this  document 
mustTro^Teferred  to  Naval  Air  Systems  Command,  PMA-235B . Washington  D.C. 

- """"T 

It  EUPPLCMENTAMV  NOTES  lli  IPONIO  MINO  Ml  1 1 T AM  V ACTIVITY 


N/A 


I 


Deputy  Commander  for  Operations 
Air  Force  Flight  Test  Center 
Edwards  AFB,  California 


L 


>>  abitmact  Thls  document  contains  the  results,  substantiating  data,  test 
techniques,  and  data  analysis  methods  for  the  A-7D  AIMS  tests.  Level  2 
(Mode  C)  and  Levels  3 through  5,  for  A-7D  aircraft  with  boom  refueling 
receptacles.  The  AIMS  modification  met  the  AIMS  Levels  2 and  4 criteria 
The  AIMS  LewS^  3 criterion  was  not  met  in  the  transonic  flight  regime. 
The  Level  5 crrh^rion  was  not  met  because  the  pitot-static  system  error 
was  influenced  by  throttle  setting  during  rapid  descents  at  high  Mach 
numbers,  and  large,  rapid  throttle  movements  caused  erroneous  transients 
in  the  altitude  and  vertical  velocity  indications.  Angle -of -attack 
changes  caused  by  turbulence  or  pilot  pitch  inputs  resulted  in  rapid, 
erroneous  fluctuations  of  the  airspeed  indicator,  altimeter,  and  verti- 
cal velocity  indicator.  Further  design  and  testing  were  recommended  to 
improve  the  pitot-static  system  in  the  areas  that  did  not  meet  the  Level 
5 criterion.  This  document  also  contains  the  results,  substantiating 
data,  test  techniques,  and  data  analysis  methods  for  the  Levels  3 and  4 
tests  on  an  A-7E  aircraft  with  the  air  refueling  probe.  The  discussion 
applies  to  aerodynamically  similar  A-7D  aircraft  with  the  air  refueling 
probe.  The  AIMS  modification  for  the  A-7E  aircraft  with  W-5  and  6 air 
data  computer  (ADC)  cams  (designed  for  A-7D  aircraft  equipped  with  boom 
refueling  receptacles)  did  not  meet  the  AIMS  Level  3 criterion.  Further 
pitot-static  probe  design  and  testing  were  recommended  to  develop  a sys- 
tem with  W-5  and  6 ADC  cams  that  would  meet  the  Level  3 criterion. 
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